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PREFACE
The fo llo w in g  d i s s e r t a t i o n  i s  d iv id e d  in to  th re e  d i s t i n c t  p a r t s  
each  o f  which i s  designed  a s  a m an u sc rip t to  be subm itted  fo r  
p u b l ic a t io n .  The f i r s t  paper i s  a  summary o f  th e  p h e n e tic  a f f i n i t i e s  
exp ressed  by th o se  s k e le ta l  e lem en ts o f  th e  s to r k s  t h a t  were an a ly zed ; 
i t  i s  b a s ic a l l y  d e s c r ip t iv e  in  n a tu r e .  The second paper p re s e n ts  a. 
new m ath em atica l tra n s fo rm a tio n  f o r  c o n tin u o u s  m ensural d a ta  to  be 
used in  p h e n e tic  s tu d ie s ;  t h i s  t ra n s fo rm a tio n  was used in  th e  o th e r  
p a r t s  o f  th e  s tu d y . The th i r d  paper c o n ta in s  com parisons between th e  
p h e n e tic  m orphologic r e s u l t s  and th e  s i m i l a r i t i e s  based on r i t u a l i z e d  
c o u r ts h ip  b e h a v io r; n o m en c la tu ra l recom m endations a re  d isc u s s e d .
P apers I  and I I I  a re  to  be su bm itted  to  th e  A nnals o f C arneg ie  Museum; 
paper I I  i s  to  be subm itted  to  S y stem a tic  Zoology.
PHENETIC RELATIONSHIPS WITHIN THE CICONIIDAE (AVES)
D. S c o tt Wood
A b s tra c t
The m ajor s k e le t a l  e lem en ts o f a l l  17 s p e c ie s  o f  s to rk s  were 
ana lyzed  u s in g  te c h n iq u e s  from m u lt iv a r ia te  s t a t i s t i c s  to  a s s e s s  th e  
p h e n e tic  a f f i n i t i e s  w ith in  th e  fam ily  C ic o n iid a e . The common-part 
tra n s fo rm a tio n  and th e  use  o f  taxonom ic d is ta n c e s  c lu s te re d  by th e  
unw eighted p a ir -g ro u p  method w ith  a r i th m e tic  av e rag es  gave 
s ig n i f i c a n t l y  more s ta b l e  p h e n e tic  arrangem ents th an  th e  o th e r  methods 
u se d . My r e s u l t s  a r e  v e ry  s im i la r  to  th e  c l a s s i f i c a t i o n  o f  Kahl 
(1979b) a t  th e  g e n e r ic  l e v e l  w ith  th e  e x cep tio n  th a t  J a b lru  i s  more 
s im ila r  to  E phippiorhynchus th an  would be in d ic a te d  from  K a h l 's  
c l a s s i f i c a t i o n .  A lso , K a h l 's  p lacem ent of th e s e  two g enera  in  th e  
t r i b e  L e p to p t i l i n i  i s  n o t suppo rted  by r e s u l t s  based on s k e le ta l  
d a ta ;  th e s e  genera  a re  p h e n e tic a l ly  s im ila r  to  th e  C ico n ia  s p e c ie s .
In tro d u c tio n
The cosm opo litan  a v ian  fam ily  C ico n iid ae  i s  composed o f  th e  
17 s p e c ie s  o f  s to rk s  (T ab le  I ,  nom enclatu re  from Kahl 1971a, 1972a).
By 1901 th e r e  was agreem ent a s  to  th e  membership o f  th e  fam ily  
ex cep t f o r  th e  S h o e b ill  (B a la e n ic e p s ) , which most a u th o rs  c o n s id e red  
to  be in  a  s e p a ra te  fam ily  ( e . g . ,  Beddard 1886, 1896, 1901, Garrod 
1875, 1877, 1878, P a rk e r  1860, Weldon 1883) and i s  c u r r e n t ly  
reco g n ized  a s  such (Kahl 1979a). The c l a s s i f i c a t i o n  o f  P e te r s
-2-
(1931, F ig . lA) summarized th e  sy s te m a tic  f in d in g s  w ith  th e  17 
s p e c ie s  a l lo c a te d  to  11 genera  in  two t r i b e s .  P r io r  to  P e t e r s '  
c l a s s i f i c a t i o n ,  v i r t u a l l y  a l l  s tu d ie s  in v o lv in g  s to rk s  e i t h e r  
focused  on th e  r e l a t i o n s h ip s  of th e  C ic o n iid ae  a s  a w hole to  o th e r  
b i r d s  (o r v ic e  v e rs a )  r a th e r  th an  on r e la t io n s h ip s  w ith in  th e  fam ily  
o r  w ere concerned w ith  d e s c r ib in g  a new f e a tu r e  o f some p a r t i c u l a r  
s p e c ie s .  More r e c e n t  m o rpho log ica l s tu d ie s  a ls o  have focused  on 
th e  r e l a t io n s h ip s  o f  th e  fam ily  to  o th e r  b i r d s  ( e . g . ,  Cottam  1955, 
L igon 1967). W ith th e  e x c ep tio n  o f Verheyen (1959), th e r e  has been 
no com prehensive in v e s t ig a t io n  o f  th e  com parative m orphology of 
members of th e  C ic o n iid a e  a lth o u g h  F u rb rin g e r  (1888 ), Garrod (1873), 
and Vanden Berge (1970) in c lu d ed  r e p r e s e n ta t iv e s  o f th e  fa m ily  in  
t h e i r  com parative s tu d ie s  o f  m usc les.
Verheyen (1959) examined a wide range  o f c h a ra c te r s  in  an 
a tte m p t to  c a l r i f y  th e  r e l a t io n s h ip s  w ith in  th e  o rd e r  C ic o n iifo rm es  
(sen su  Wetraore 1960) and in c lu d ed  a l l  bu t one sp e c ie s  o f s to r k  
(Anastomus o s c ita n s )  in  h i s  a n a ly s i s .  He proposed a  c l a s s i f i c a t i o n  
f o r  t h i s  fam ily  (F ig . IB) th a t  d i f f e r e d  in  s e v e ra l  im p o rtan t r e s p e c ts  
from t h a t  o f P e te r s  (1 9 3 1 ). In  th e  p ro c e s s , he on ly  reduced  th e  
number o f genera  to  n in e ,  r e f e r r in g  th e  genera  J a b iru  and Xenorhynchus 
o f P e te r s  to  E phippiorhynchus and p la c in g  th e  genus D isso u ra  in  th e  
L e p t o p t i l i n i ,  one o f  th e  fo u r  t r i b e s  he rec o g n ize d .
Kahl (1966,1971a, 1972a-e , 1973) compared th e  r i t u a l i z e d  
c o u r ts h ip  behav io r o f  a l l  17 s to rk s  and c o n s id e ra b ly  improved our 
knowledge o f th e  i n t r a f a m i l i a l  r e l a t i o n s h ip s .  H is c l a s s i f i c a t i o n
—3—
(Kahl 1979b) i s  shown in  F ig . 2 . Kahl a ls o  made im p o rtan t d e p a r tu re s  
from  b o th  P e t e r s ’ (1931) and V erh ey en 's  (1959) c l a s s i f i c a t i o n s ,  
red u c in g  th e  number o f  genera  to  s ix  and a l l o c a t in g  th e s e  genera  
to  th r e e  t r i b e s .  S ig n i f i c a n t ly ,  he combined s e v e ra l  genera  in to  
C icon ia  and p laced  Anastomus and M ycteria  in  a  s e p a ra te  t r i b e .  He 
a ls o  a s s o c ia te d  J a b ir u  and Ephipp io rhynchus w ith  L e p to p t i lo s .  
a lth o u g h  n o t  on b e h a v io ra l  grounds (Kahl 1973).
As p a r t  o f  a  l a r g e r  s tu d y  in v o lv in g  th e  r e l a t i o n s h ip s  o f  th e  
C ic o n iid a e , I  in v e s t ig a te d  th e  p h e n e tic  a s s o c ia t io n s  w ith in  th e  
fam ily  a s  im p lied  by th e  s t r u c tu r e  o f  a  number o f  d i f f e r e n t  s k e le t a l  
e le m en ts . I  a ls o  u se  my e m p ir ic a l r e s u l t s  to  e v a lu a te  th e  e f f ic a c y  
o f th e  p h e n e tic  m ethods chosen , some o f  which have re c e iv e d  l i t t l e  
c r i t i c a l  a t t e n t i o n .
M a te r ia ls  and Methods
S k e le to n s  o f  th e  17 sp e c ie s  were o b ta in e d  (T ab le  1 ) .  B ecause 
o f  th e  p a u c ity  o f  m a te r ia l ,  I  m easured th e  f i r s t  f iv e  o r  s ix  
specim ens e n c o u n te re d , a s  l i s t e d  in  Appendix I ,  r e g a r d le s s  o f  o r ig in  
(u n le s s  a  specim en was damaged); f o r  some s p e c ie s  few er th a n  f iv e  
specim ens were a v a i l a b l e .  I  chose c h a ra c te r s  by : (1) com paring
among a  r e f e re n c e  s e r i e s  o f  c ic o n iifo rm s  in  th e  U n iv e rs i ty  o f  
Oklahoma c o l l e c t i o n s ;  (2) r e j e c t i n g  s k e le t a l  e lem en ts  fo r  w hich I  
cou ld  d is c e rn  o n ly  sm all v a r i a t io n  over th e  s e r i e s ;  (3) id e n t i f y in g  
p o in ts  on each  o f  th e  rem ain ing  bones in  such a way t h a t  f o r  any 
in d iv id u a l  I  cou ld  i d e n t i f y  th e  p o in t  homologous to  t h a t  o f  th e  
r e f e re n c e  s e r i e s ;  (4) choosing  in te r p o in t  d i s ta n c e s  t h a t  w ould.
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when m easured, d e s c r ib e  v a r i a t i o n  v i s i b l e  to  my eye. The in te r p o in t  
d is ta n c e s  were a ls o  chosen so t h a t  th ey  formed th e  s id e s  o f  
t r i a n g le s ;  in  t h i s  way I  cou ld  c a lc u la te  th e  a n g le s  subtended  by 
th e  s id e s  o f th e  t r i a n g l e s  and th u s  have a  r e l a t i v e l y  s iz e - in d e p e n d e n t 
m easure o f  th e  shape o f  th e  bone. Using t h i s  p rocedure  I  chose 107 
p o in ts  sp read  o v er n in e  bones o r  bone com plexes. F ig . 3 shows th e
p o in ts  chosen f o r  each  o f  th e  b ones. From t h i s  netw ork I  s e le c te d
215 m easurem ents; th e s e  d e lim ite d  99 t r i a n g le s  g iv in g  297 an g u la r  
c h a ra c te r s  (T ab le  2 ) .  D e s c r ip t io n s  o f  th e  p o in ts ,  c h a ra c te r s  and 
a n g le s  a re  l i s t e d  in  Appendix I I ;  nom enclatu re  i s  taken  from
Baumel e t  a l .  (1979) and Bock and McEvey (1969 ). The d a ta  f o r  each
bone were ana lyzed  s e p a r a te ly ;  in  a d d i t io n ,  I  analyzed  th e  t o t a l  
d a ta  s e t  (a s  d e fin e d  b e lo w ).
C om putations w ere perform ed on th e  IBM 370-158 a t  th e  U n iv e rs i ty  
o f  Oklahoma. Some a n a ly s i s  was done u s in g  FORTRAN r o u t in e s  b u t most 
employed th e  packages NT-SYS (R o h lf, K ishpaugh and K irk  1979) and 
SAS (B arr e t  a l .  1979). The th re e -d im e n s io n a l m odels were p lo t te d  
u s in g  th e  program  GRAFPAC developed  by F . J .  R o h lf.
Each s p e c ie s  was re p re s e n te d  by th e  means o f each c h a ra c te r  
over a l l  in d iv id u a ls .  M issing v a lu e s  were e s tim a te d ; o f  th e  
ap p ro x im ate ly  12,000  m easurem ents used in  t h i s  s tu d y , on ly  9 were 
coded a s  m iss in g .
A ngles were c a lc u la te d  in  r a d ia n s  in  th e  fo llo w in g  way: L et
A, 2 ,  and jC be th e  s id e s  o f  th e  t r i a n g le  ( th e  m easured c h a ra c te r s )  
and X be th e  a n g le  o p p o s ite  A. Then = 2 * a rc ta n  (R. /  ( ^ -  A))
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where £  = (A + B + Ç) /  2 and R = ( ( ^  -  A) * (£  -  B) * iS -  Ç) )  /  /S  .
The a n g le s  were c a lc u la te d  fo r  a l l  In d iv id u a ls  and means were comupted 
to  r e p re s e n t  each  s p e c ie s .  Where, due to  m easurem ent e r r o r ,  a n g le s  
could n o t be c a lc u la te d  ( th e  sum o f  th e  le n g th s  o f two s id e s  o f a 
t r i a n g le  was l e s s  than  th e  t h i r d ) ,  th e  a n g le s  were e s tim a te d  by 
comparing th e  r e l a t i v e  le n g th s  o f th e  s id e s  and th en  a s s ig n in g  v a lu e s  
r e p re s e n tin g  a n g le s  of a ve ry  o b tu se  t r i a n g le  o f s im ila r  p ro p o r t io n s .
S iz e  ( a t  l e a s t  i t s  l in e a r  e f f e c t s )  i s  c o n s id e red  by many 
w orkers to  be a poor in d ic a to r  o f taxonomic r e l a t i o n s h ip s  (Sneath  
and Sokal 1973) . For many taxonom ic s tu d ie s  u s in g  co n tin u o u s 
c h a ra c te r s ,  s iz e  has th u s  been co n sid e red  a problem ; u s in g  
untransform ed d a ta ,  l a r g e  (o r sm all) sp e c ie s  c lu s t e r  to g e th e r  
r e g a rd le s s  o f shape (se e  d is c u s s io n  in  Sneath  and Sokal 1973:169-174). 
The problem  o f s iz e  has two f a c e t s :  (1) th e  d e f i n i t i o n  o f s iz e ;
and (2) how to  remove o r red u ce  i t s  e f f e c t s .  S nea th  and Sokal (1973) 
suggested  t h a t  i f  in  an  o r d in a t io n  th e  f i r s t  a x is  has m ostly  
p o s i t iv e  lo a d in g s  then  t h i s  a x is  r e p r e s e n ts  a  s iz e  a x i s .  They 
proposed rem oving th e  e f f e c t  by c o lla p s in g  th e  o rd in a t io n  by th a t  
dim ension and u s in g  th e  rem ain ing  a x e s . A l t e r n a t iv e ly ,  th e y  
suggested  rem oving a m easure o f  s iz e  th rough  th e  u se  o f r a t i o s ,  a 
common and w idespread  p r a c t i c e .
More r e c e n t ly  A tch ley , G askins and Anderson (1976 ), A tch ley  
and Anderson (1978) and A tch ley  (1978) have dem onstra ted  p o te n t ia l  
dangers o f u s in g  r a t i o s . '  They suggested  u s in g  r e g r e s s io n  a n a ly s is  
to  remove th e  e f f e c t s  o f s iz e  (o r  some o th e r  v a r i a b l e ) . I  expected
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s iz e  to  have a  c o n s id e ra b le  in f lu e n c e  on th e  m agnitude o f th e  raw 
m easurem ents s in c e  th e  fam ily  in c lu d e s  some o f th e  l a r g e s t  of 
f ly in g  b i r d s  a s  w e ll a s  a  few o f  on ly  m oderate s iz e  (ran g e  in  
h e ig h t 76cm -  152cm; H arriso n  1978). P r in c ip a l  component I  
(based on a m a tr ix  o f c o r r e la t io n s  among th e  c h a ra c te r s  from th e  
t o t a l  d a ta  s e t  a s  d e fin e d  below) d id  n o t r e p re s e n t  s iz e  s in c e  th e  
h igh  lo a d in g s  were r e s t r i c t e d  to  a s p e c i f ic  s e t  o f c h a ra c te r s  and 
were n o t a l l  p o s i t i v e .  However, c lu s t e r s  o f sp e c ie s  d e riv ed  from 
th e  raw d a ta  (u sin g  th e  unw eighted p a ir -g ro u p  method w ith  a r i th m e tic  
av erag es; UPGM) appeared  to  r e f l e c t  a la r g e  s iz e  in f lu e n c e .
I  o p e ra t io n a l ly  d e fin e d  s iz e  a s  th e  mean of th r e e  le n g th  
c h a ra c te r s  co rresp o n d in g  to  th e  le n g th s  o f th e  ta r s o m e ta ta r s u s , 
t ib io ta r s u s  and ischium  (TA-DN,TI-EL, SY-CJ; see  Appendix I I ) .  To 
check t h a t  t h i s  v a r i a b le  r e f l e c t e d  s iz e , I  c lu s te re d  th e  s p e c ie s  
acco rd ing  to  s iz e  by eye and compared th e s e  groups to  th e  UPGMA 
c lu s t e r s  formed u s in g  th e  s iz e  v a r i a b le  o n ly . The r e s u l t s  were 
concordan t and were a ls o  v e ry  s im i la r  to  c lu s t e r s  d e riv e d  from th e  
raw d a ta .  I  th en  re g re s se d  each  v a r i a b le  a g a in s t  th e  s iz e  v a r ia b le  
to  o b ta in  th e  r e g re s s io n  e s tim a te , s u b tra c te d  th e  e s tim a te  from th e  
o r ig in a l  v a lu e  and used th e  r e s id u a l  a s  th e  c h a ra c te r  s t a t e .
E x p l i c i t l y ,  t h i s  p ro ced u re  i s  a s  fo llo w s : L et Y^ be a  v e c to r
of m easurem ents fo r  a g iven  c h a ra c te r  over a l l  s p e c ie s . L et X be
th e  s iz e  v e c to r  over a l l  s p e c ie s .  The e s tim a te  o f can
be found from th e  e q u a tio n  jf = a + gX, where a = ^  -  gX and
^ “  ^ Y ,X )*   ^ q u a n ti ty  2 (y ,x )  i s  th e  c o r r e la t io n
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betw een th e  v a r ia b le s  Y and S; and s„  a re  th e  s ta n d a rd  d e v ia t io n s
—  —  - Y  - *
o f th e s e  v a r i a b le s .  The r e s id u a l ,  R, i s  found from  R^ = Y -  Y^.
These r e s id u a ls  a r e  u n c o r re la te d  w ith  X ( s i z e ) . S iz e  accounted  f o r
betw een 60% and 90% o f th e  v a ria n c e  o f  th e  d a ta  f o r  th e  v a r io u s  bones.
The an g u la r d a ta  p rov ided  a second tra n s fo rm a tio n  to  red u ce  th e
e f f e c t s  o f s iz e ;  t e s t s  in d ic a te  th e  c o r r e la t io n  w ith  th e  s iz e
v a r i a b le  to  be much red u ced .
For an o th e r t ra n s fo rm a tio n  I  removed th e  "common p a r t "  from
each  o f  th e  d a ta  s e t s .  T h is id ea  i s  d e sc r ib e d  and developed  more
f u l l y  in  Wood (1982b). B r ie f ly ,  th e  v a r i a b le  r e p r e s e n t in g  a
p a r t i c u l a r  s to rk  ( th e  v e c to r  o f m easurem ents on t h a t  s to rk )  can be
th o u g h t o f a s  hav ing  two p a r t s :  ( 1) a p a r t  p r e d ic ta b le  by r e g re s s io n
from  some re fe re n c e  v a r i a b le  (some b i rd  o th e r  th an  a  s to r k )  and (2) a
p a r t  n o t p r e d ic ta b le  from th e  re fe re n c e  v a r i a b le .  I f  th e  r e f e re n c e
v a r ia b le  i s  chosen to  e s t im a te  th e  e ssen ce  o f  th e  s to r k  fam ily  as
c lo s e ly  as  p o s s ib le ,  th en  I  w i l l  r e f e r  to  th e  f i r s t  component
a s  th e  common p a r t .  The second p a r t  I  w i l l  c a l l  th e  c lu s te r in g  p a r t ;
th e  v a r ia n c e  accounted  fo r  by th e  l a t t e r  concerns  d i f f e r e n c e s  between
th e  v a r io u s  s to rk s  a s  w e ll a s  v a r i a t io n  due to  m easurem ent e r r o r .
The c lu s te r in g  p a r t  i s  o f  most u se  when e v a lu a t in g  r e l a t io n s h ip s
w ith in  a  group. The common p a r t  can be removed in  a  manner analagous
to  th e  p rocedure  o u t l in e d  above fo r  rem oving s iz e  i f  an  e s tim a te  o f
th e  common p a r t  can be found . In  p h e n e tic  s tu d i e s ,  a s p e c ie s  (o r
s e v e ra l  sp e c ie s  t h a t  i s  v e ry  s im ila r  to  th e  members o f  th e  group
under s tu d y  can be u sed  to  e s tim a te  th e  common p a r t ;  t h e  more s im ila r
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th e  o u ts id e  s p e c ie s  I s ,  th e  b e t t e r  w i l l  be th e  e s t im a te .  For t h i s  
s tu d y  I  used two s p e c ie s  to  e s tim a te  th e  common p a r t :  B a laen iceps
re x  and Scopus u m b re t ta . They a re  o s te o lo g lc a l ly  v e ry  s im ila r  to  
th e  s to r k s  and s e v e ra l  a u th o rs  have su g g ested  th e y  a re  r e l a te d  to  
th e  s to rk s  ( e . g . ,  M itc h e ll  1913, P a rk er 1860, P e te r s  1931, Wetmore 
1960). The r e g r e s s io n  e q u a tio n  used In t h i s  c a se  I s :  Y = « +
+ BgXg, where I s  th e  e s tim a te  o f a l l  v a r i a b le s  fo r  s p e c ie s  
Xj and Xg a r e  th e  v e c to r s  o f  c h a ra c te r  m easurem ents f o r  Scopus 
and B a la e n ic e p s . and a  and 6 a r e  a s  above (6  ^ and correspond  to  
Scopus and B a la e n ic e p s . r e s p e c t iv e ly ) . Between 80% and 90% o f th e  
v a r ia n c e  was removed from  th e  v a r io u s  d a ta  s e t s  by t h i s  p ro ced u re .
Â s e p a ra te  e s t im a te  o f th e  common p a r t  was a ls o  c a lc u la te d  from  fo u r  
o th e r  s p e c ie s  (one p e l ic a n ,  one co rm oran t, and two New World v u l tu r e s ) .  
A verage taxonom ic d i s ta n c e s  (S neath  and Sokal 1973) were c a lc u la te d  
betw een a l l  s to r k s  f o r  each  s e t  o f  e s t im a te s  f o r  each  bone. The 
av erag e  m a tr ix  c o r r e la t io n  between e s tim a te s  (o v er a l l  bones) was 
0 .91  I n d ic a t in g  t h a t  th e  tra n s fo rm a tio n  (rem oval o f  th e  common p a r t )
I s  ro b u s t  to  th e  c h o ic e  o f  e s tim a to r  f o r  th e  common p a r t .
The u se  o f  means o b scu res  v a r i a b i l i t y  w i th in  each sp e c ie s  
and , c o n se q u e n tly , th e  o v e rla p  In p h e n e tic  sp a c e . I f  s u b s ta n t ia l  
o v e r la p  e x i s t s ,  t h e r e  may be I n s u f f ic i e n t  in fo rm a tio n  p re s e n t to  
d is c e r n  th e  r e l a t i o n s h ip s  among th e  e lem en ts ( t a x a ) .  P a r t i t i o n s  
from such a  d a ta  s e t  shou ld  g ive  l e s s  c o n s is te n t  taxonom ic r e s u l t s  
th an  p a r t i t i o n s  tak e n  from  a  case  showing much l e s s  o v e rlap  
because  In  th e  f i r s t  c a se  th e  v a r i a t io n  I s  more n e a r ly  random w ith
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r e s p e c t  to  th e  ta x a .  For a l l  o f  th e  tra n s fo rm a tio n s  ( s iz e  removed, 
a n g le s ,  common p a r t ) ,  I  su b je c ted  each  o f  th e  d a ta  s e ts  to  a  m u lt ip le  
d is c r im in a n t  fu n c tio n  a n a ly s is  (u sin g  PROC DISCRIM o f SAS). My 
i n t e r e s t  was in  th e  r e s o lu t io n  a ffo rd e d  by th e  d a ta :  how many
in d iv id u a ls  were m is c la s s if ie d ?  I f  th e  r e s o lu t io n  was poor ( i . e . ,  
poor d is c r im in a t io n  among sp e c ie s  r e s u l t i n g  in  many m is c la s s i f ic a t io n s ,  
p a r t i c u l a r l y  i f  th e y  were m is c la s s i f ie d  to  s p e c ie s  though t on o th e r  
grounds to  be r e l a t i v e l y  d i s s im i la r  o r  u n r e la te d )  then  I  judged th a t  
u s in g  means would be l ik e ly  to  compound e r r o r s  and g iv e  d isc o rd a n t 
r e s u l t s .  Of th e  n in e  bones o r ig i n a l l y  used  (T ab le  2 ) ,  f iv e  showed 
s u f f i c i e n t  r e s o lu t io n  to  be u s e fu l  in  su bsequen t a n a ly se s  ( th e  
rem ain ing  fo u r  produce f a r  l e s s  c o n s is te n t  r e s u l t s ) .  Thus, th e  
rem ainder o f  th e  a n a ly se s  were r e s t r i c t e d  to  th e  fo llo w in g : s k u l l ,
hum erus, s te rnum , synsacrum  and ta r s o m e ta ta r s u s .  One reaso n  fo r  th e  
poor r e s o lu t io n  r e s u l t in g  from use  o f  th e  o th e r  bones i s  th a t  th e  
o r ig i n a l  m easurem ents were d ev ised  to  d e s c r ib e  v a r i a t i o n  over a l l  
c ic o n iifo rm s  (sensu  Wetmore 1960); th e  e lem en ts  n o t  used f u r th e r  
( a x i s ,  c la v ic u la ,  coracoideum  and t i b i o t a r s u s )  a re  v e ry  uniform  w ith in  
th e  C ic o n iid a e  b u t show c o n s id e ra b le  v a r i a t i o n  over th e  s e v e ra l  
f a m i l ie s  o f  th e  C ico n iifo rm es .
A ll subsequen t a n a ly se s  (ex cep t a s  n o te d )  w ere perform ed on each 
o f  th e  18 d a ta  s e t s :  s ix  p a r t i t i o n s  ( s k u l l  = SK, humerus = HU,
sternum  = ST, synsacrum  = SY, ta r s o m e ta ta rs u s  = TA, a l l  c h a ra c te r s  
from  th e s e  f iv e  bones = ALL) w ith  th r e e  t ra n s fo rm a tio n s  fo r  each 
( s i z e  removed by r e g re s s io n  = SIZE, s i z e  e f f e c t  reduced by u sing
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a n g le s  = ANGLES, common p a r t  removed = COMMON). A g iv en  d a ta  
m a tr ix  i s  named by c o n c a te n a tin g  th e  tra n s fo rm a tio n  code w ith  th e  
p a r t i t i o n  code ( e .g . ,  SIZE-SK, ANGLES-SY). The fo llo w in g  a n a ly se s  
were perform ed a f t e r  s ta n d a rd iz a t io n  o f th e  d a ta :  (1) A phenogram
summarized th e  r e s u l t s  o f a UPGMA c lu s te r  a n a ly s is  on a m a tr ix  of 
average  taxonom ic d i s t a n c e s .  (2) F ac to r a n a ly s i s  u s in g  a m atrix  o f 
c o r r e la t io n s  among ta x a  (Q -type) was perform ed w ith  a  secondary 
f a c to r  s t r u c tu r e  m a tr ix  o b ta in e d  by o b liq u e  r o ta t io n  u s in g  th e  
fu n c tio n p la n e  tec h n iq u e  o f K atz and Rohlf (1974). Com m unalities 
were e s tim a ted  u s in g  th e  maximum of th e  a b s o lu te  v a lu e s  of th e  e lem en ts 
fo r  each  v a r i a b le  in  th e  c o r r e la t io n  m a tr ix  and a l l  f a c to r s  w ith  
e ig e n v a lu e s  g r e a te r  th an  1 .0  were r e ta in e d .  The secondary  s t r u c tu r e  
m a tr ix  was in te r p r e te d  a s  a taxon  by c h a ra c te r  m a tr ix  and used to  
produce in te r - ta x o n  c o r r e la t io n s  a s  th e  s im i la r i t y  m easure. These 
were su b je c te d  to  a  UPGMA c lu s t e r  a n a ly s is  and th e  r e s u l t s  
summarized in  a  phenogram. T h is  p rocedu re  seeks to  id e n t i f y  
p a t t e r n s  o f  common v a r i a t i o n  ( c l u s te r s  o f ta x a )  and em phasize th e se  
by r o ta t in g  th e  ax es  to  be c o in c id e n t  w ith  th e  c l u s t e r s .  An o b liq u e  
r o ta t io n  was used  because  th e re  i s  no a^  p r i o r i  rea so n  to  expect 
c lu s t e r s  o f b io lo g ic a l  o rganism s to  be o r th o g o n a l. The a n a ly s is  
r e c o n s t i t u te s  th e  am ong-taxa c o r r e la t io n  m a tr ix  b u t em phasizes 
th e  s i m i l a r i t i e s  betw een members o f  a c lu s t e r  becuase  th e  components 
o f  v a r ia n c e  u n iq u e  to  a g iven  taxon  a r e  d is c a rd e d . Thus, th e  
phenograms c lo s e ly  resem b le  phenograms produced by UPGMA c lu s te r in g  
o f  th e  o r ig in a l  in te r - ta x o n  c o r r e la t io n  m a tr ix  excep t t h a t  th e
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c lu s t e r s  a r e  b e t t e r  d e fin ed  and phenograms based  on d i f f e r e n t  
p a r t i t i o n s  o f  th e  d a ta  a re  s l i g h t ly  more c o n s is t e n t  ( i . e . ,  have a 
h ig h e r  av erag e  m a tr ix  c o r r e la t io n  among r e s u l t s ) .
(3) P r o je c t io n s  o f  th e  ta x a  on axes from  a p r in c ip a l  components 
a n a ly s is  ( th e  number o f  components was de te rm ined  by th e  number o f 
e ig e n v a lu e s  g r e a te r  th an  1 . 0) were su b je c te d  to  a c lu s t e r  a n a ly s is  
u s in g  th e  a d a p tiv e  h ie r a r c h ic a l  c lu s te r in g  scheme (AHCS) o f Rohlf 
(1970); th e s e  r e s u l t s  were summarized in  a phenogram. AHCS can 
f in d  e lo n g a ted  c lu s t e r s  in  m u ltid im en sio n a l space  r a th e r  than  
on ly  th e  h y p e rs p h e ro id a l  c lu s t e r s  searched  f o r  by m ost c lu s te r in g  
a lg o rith m s  ( in c lu d in g  UPGMA). The d eg ree  o f  e lo n g a tio n  sought 
i s  c o n tro l le d  by a  param eter o f  th e  program  ( s e t  to  1 .0  f o r  t h i s  
s tu d y ) . The te c h n iq u e  u ses  in te r - ta x o n  d i s ta n c e s  f o r  th e  s im i la r i t y  
m easure and so may g iv e  r e s u l t s  s im ila r  to  UPGMA c lu s te r in g  o f 
th e s e  d i s t a n c e s ,  p a r t i c u l a r l y  i f  e lo n g a ted  c lu s t e r s  do n o t e x i s t .  
Because o f  com puter l im i t a t i o n ,  AHCS was n o t run  on th e  combined 
(ALL) d a ta  s e t s .  (4) N on-m etric m u ltic im e n s io n a l s c a l in g  (MDS) 
was used to  red u c e  th e  d im e n s io n a lity  o f  th e  d a ta  to  th r e e .
The sp e c ie s  were p lo t te d  on th e s e  axes u s in g  GRAFPAC to  produce 
th re e -d im e n s io n a l (3-D) m odels; th e s e  g iv e  b e t t e r  v i s u a l  r e p r e s e n ta t io n  
o f th e  d is ta n c e s  among tax a  than  i s  u s u a l ly  p o s s ib le  u s in g  phenogram s. 
(5) Minimum-spanning t r e e s  ( fo r  ta x a )  were d e r iv e d  from average  
d is ta n c e  m a tr ic e s  and superim posed on th e  3-D m odels. ( 6) M atrix  
c o r r e la t io n s  w ere c a lc u la te d  between a l l  p a i r s  o f  phenograms and 
between a  phenogram and i t s  b a s ic  s im i l a r i t y  m a tr ix  (co p h en e tic
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c o r r e la t io n s )  .
Codes f o r  th e  th r e e  phenogram -producing a n a ly s e s  a r e :  DIST
(UPGMA c lu s t e r in g  o f d i s t a n c e s ) ,  AHCS (AHCS c lu s te r in g  o f d is ta n c e s )  
and CORR (Q -type  f a c to r  a n a l y s i s ) . Phenogram s, b a s ic  s im i l a r i t y  
m a tr ic e s  and o th e r  r e s u l t s  were named by c o n c a te n a tin g  th e s e  codes 
w ith  th e  codes fo r  tra n s fo rm a tio n  and p a r t i t i o n  ( e . g . ,  COMMON-SK-DIST, 
SIZE-ALL-CORR) . A dendrogram  o f  phenograms was c re a te d  by ap p ly in g  
UPGMA to  th e  m a tr ix  o f c o r r e la t io n s  among phenograms ( a f t e r  changing 
th e  s ig n  on th e  m a tr ix  c o r r e la t io n s  between d is ta n c e  a n a ly s e s  and 
c o r r e la t io n  a n a ly s e s ) .  F u r th e r  d is c u s s io n  o f th e s e  te c h n iq u e s  may 
be found in  Sneath  and Sokal (1973) o r  in  th e  docum entation  to  
NT-SYS (R o h lf , Kishpaugh and K irk  1979).
R e s u lts  and D iscu ss io n  
F if ty - o n e  phenograms were c o n s tru c te d  to  r e p re s e n t  th e  
s i m i l a r i t i e s  among th e  s to r k s .  F ig . 4 i s  a dendrogram  of th e s e  
phenogram s based  on c o r r e la t io n s  betw een a l l  p a i r s  o f c o p h e n e tic  
m a tr ic e s .  The co p h en e tic  c o r r e la t io n  of t h i s  dendrogram  i s  0 .693 , 
an  in d ic a t io n  o f some d i s t o r t i o n  in  th e  o r ig in a l  a s s o c ia t io n s .
F ig s .  5-7 show phenograms r e p r e s e n ta t iv e  o f th e  m ajor c lu s t e r s  
p re s e n t  in  th e  dendrogram (u s in g  an a r b i t r a r y  l e v e l  o f 0 .4 ) ;  
a d d i t io n a l  phenograms a r e  shown in  F ig s . 8-10 and in  Wood (1982a, c ) .
F ig ;-5 A  d e p ic ts  th e  phenogram f o r  ANGLES-HU-DIST, a  r e p r e s e n ta t iv e  
o f  one o f th e  two l a r g e s t  c l u s t e r s  in  F ig . 4 . Except fo r  Anastomus 
o s c i t a n s , w hich i s  w e ll s e p a ra te d  from th e  o th e r  s p e c ie s , th e  c lu s t e r s  
co rrespond  c lo s e ly  to  th e  g en e ra  o f  Kahl (1979b, F ig . 2 ) .  In  a d d it io n
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to  A. la m e ll ig e ru s  be ing  a s s o c ia te d  w ith  C ic o n ia . J a b ir u  c lu s t e r s  
w ith  th e  C icon ia  s p e c ie s .  T h is  i s  one o f o n ly  fo u r phenograms to  
su p p o rt K a h l 's  p lacem ent o f E phipp iorhynchus w ith  L e p to p ti lo s  ( th e  
o th e r s  a re  ANGLES-HU-AHCS, COMMON-HU-CORR and COMMON-SK-CORR). The 
c o p h e n e tic  c o r r e la t io n  i s  0.737 due to  d i s t o r t i o n  among th e  m ajor 
b ran c h e s  o f th e  phenogram.
The phenogram o f  COMMON-SK-AHCS (F ig . 5B) i s  a  r e p r e s e n ta t iv e  
o f th e  o th e r  l a r g e  c lu s t e r  in  F ig . 4 . The s t r u c tu r e  o f  t h i s  phenogram 
m atches th e  s t r u c tu r e  o f  K a h l 's  (1979b) c l a s s i f i c a t i o n  (F ig . 2) 
c lo s e ly  w ith  th e  e x c e p tio n s  th a t  Anastomus and Ephipp iorhynchus 
a r e  a s s o c ia te d  w ith  C ic o n ia . and J a b ir u  c l u s t e r s  w ith  M y c te ria .
In  th e  phenogram f o r  COMÎCN-ALL-CORR (F ig . 6A), th e  s p e c ie s  
c lu s t e r  v e ry  t i g h t l y ,  a  phenomenon g e n e ra l ly  t r u e  o f  th e  CORR 
a n a ly s e s  because o f th e  em phasis p laced  on c lo s e  s i m i l a r i t i e s  by th e  
f a c to r  a n a ly t ic  p rocedu re  u se d . The com position  of th e  c lu s t e r s  i s  
s im i la r  to  th a t  found in  th e  p re v io u s  exam ples w ith  th e  ex cep tio n  
o f C icon ia  which i s  s p l i t  among two g ro u p s. J a b iru  i s  m ost s im i la r  
to  Ephippiorhynchus and C icon ia  w hereas L e p to p ti lo s  i s  c lo s e r  to  
M y c te r ia . The co p h en e tic  c o r r e la t io n  o f 0 .893  in d ic a te s  r e l a t i v e l y  
l i t t l e  d i s t o r t i o n  in  th e  phenogram.
The phenograms in  F ig s .  6B, 7A and 7B a r e  r e p r e s e n ta t iv e s  of 
r e l a t i v e l y  sm all c lu s t e r s  o f  th e  dendrogram  o f  phenograms (F ig . 4 ) .
The phenogram fo r  COMMON-SY-CORR(Fig. 6B) shows s e v e ra l  c lu s t e r s  t h a t  
a r e  s im i la r  to  K a h l 's  g en e ra  b u t b o th  M ycteria  and C icon ia  a re  s p l i t .  
M ycteria  leu co cep h a la  c l u s t e r s  w ith  Ephippiorhynchus and C^ . a b d im ii
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i s  a s s o c ia te d  w ith  Anastomus. The c o p h e n e tic  c o r r e la t io n  (0 .715 ) 
i s  r e l a t i v e l y  low; th e  r e l a t i o n s h ip s  o f  th e  s to rk s  im p lied  by th e  
phenogram a r e  somewhat d i s to r te d  from  th e  b a s ic  s i m i l a r i t i e s .
M ycteria  and Anastomus c lu s t e r  to g e th e r  in  th e  phenogram SIZE-ALL-DIST 
(F ig . 7A ). Four o f th e  f iv e  s p e c ie s  o f  C icon ia  a ls o  c lu s t e r  
to g e th e r  b u t L e p to p ti lo s  ja v a n ic u s  i s  se p a ra te d  from i t s  con g en ers . 
Some d i s t o r t i o n  i s  p re se n t (c o p h e n e tic  c o r r e la t io n  o f 0 .8 1 8 ) . The 
phenogram ANGLES-TA-DIST (F ig . 7B) r e p r e s e n ts  a c lu s t e r  in  F ig . 4 
composed o f th e  th re e  a n a ly se s  u s in g  th e  d a ta  s e t  ANGLES-TA.
These th r e e  phenograms a re  th e  on ly  r e s u l t s  concordan t w ith  
V erh ey en 's  (1959) su g g estio n  th a t  C ico n ia  ep iscopus i s  c lo s e ly  
r e l a t e d  to  L e p to p t i lo s . Only th e  M ycte ria  c lu s te r  resem b les  th e  
groups proposed by Kahl (1979b, F ig . 2 ) .  The co p h en etic  c o r r e la t io n  
o f  0 .730  i s  r e l a t i v e ly  low fo r  t h i s  s tu d y .
C le a r ly ,  th e r e  a re  c o n s id e ra b le  d i f f e r e n c e s  betw een some 
phenograms ( th e  range o f m a tr ix  c o r r e la t io n s  i s  -0 .1 0  to  0 .9 5 ) .
These d i f f e r e n c e s  a re  n o t on ly  betw een tra n s fo rm a tio n s  and a n a ly s e s  
b u t a ls o  between d a ta  s e ts  fo r  a  g iv e n  tra n s fo rm a tio n  and a n a ly s i s .
R ohlf and Sokal (1981) p o in te d  o u t th a t  methods t h a t  produce 
more s ta b l e  c l a s s i f i c a t i o n s  ( o th e r  f a c t o r s  being equa l) would be 
p r e f e r r e d  o v e r  th o se  th a t  produce l e s s  s ta b le  c l a s s i f i c a t i o n s .  They 
a ls o  n o ted  t h a t  s t a b i l i t y ,  by i t s e l f ,  i s  n o t a good c r i t e r i o n  s in c e  
p e r f e c t  s t a b i l i t y  can be ach ieved  by making th e  r e s u l t s  independen t 
o f  th e  d a ta .  However, t h i s  c r i t e r i o n  can be u s e fu l  when comparing 
m ethods chosen  fo r  rea so n s  o th e r  th an  s t a b i l i t y  ( e . g . ,  to  em phasize
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a p a r t i c u l a r  a sp e c t o f th e  d a ta ) .
R ohlf and Sokal (1980,1981) have d isc u sse d  s e v e ra l  d e f in i t io n s  
o f s t a b i l i t y ,  o f which ro b u s tn e s s  o f a  c l a s s i f i c a t o r y  p rocedure  to  
changes in  c h a ra c te r  s e t s  (congruence o f r e s u l t a n t  c l a s s i f i c a t io n s )  
i s  a p p lic a b le  h e re . They d e fin e d  congruence a s  "agreem ent of s e p a ra te  
c l a s s i f i c a t i o n s  a r r iv e d  a t  by th e  same a lg o r ith m s  and based on th e  
same s e t  of o p e ra t io n a l  taxonom ic u n i t s  b u t on d i f f e r e n t  s e t s  o f 
c h a ra c te r s "  (R ohlf and Sokal 1981). The s e t s  o f c h a ra c te r s  should 
n o t r e p re s e n t  d i f f e r e n t  c la s s e s  o f c h a ra c te r s  s in c e  such an 
e v a lu a tio n  o f s t a b i l i t y  would be confounded w ith  an e v a lu a tio n  of 
th e  n o n - s p e c i f ic i ty  h y p o th es is  (R ohlf and Sokal 1980). M atrix  
c o r r e la t io n s  a r e  a  u s e fu l  m easure o f th e  r e l a t i v e  congruence of 
c l a s s i f i c a t i o n s  a lth o u g h  t h i s  m easure may n o t be o p tim al fo r  
e v a lu a tin g  a b s o lu te  l e v e ls  o f concordance (R ohlf 1982).
The p a r t i t i o n s  o f th e  c h a ra c te r s  used in  t h i s  study  p ro v id e  
an o p p o rtu n ity  to  e v a lu a te  th e  s t a b i l i t y  o f  th e  methods employed. 
Both th e  tra n s fo rm a tio n s  o f th e  d a ta  a s  w e ll a s  th e  a n a ly se s  
a p p lie d  to  th e s e  d a ta  a re  e v a lu a te d  w ith  r e s p e c t  to  th e  s t a b i l i t y  
o f th e  r e s u l t in g  c l a s s i f i c a t i o n s .  T ab le  3 l i s t s  th e  average  m atrix  
c o r r e la t io n s  among phenograms over a l l  p a r t i t i o n s  ( f iv e  bones) fo r  
a l l  tra n s fo rm a tio n s  and a n a ly se s  c o n s id e re d . Ranges and standard  
d e v ia t io n s  a r e  in c lu d e d . W ith in  each  tra n s fo rm a tio n  and a n a ly s is  
( e .g . ,  ANGLES-DIST) th e  10 c o r r e la t io n s  used to  c a lc u la te  th e  mean 
a re  n o t independent s in c e  th ey  r e p r e s e n t  a l l  p o s s ib le  com parisons 
among th e  f iv e  p a r t i t i o n s .  However, a t  l e a s t  fo u r  com parisons a re
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Independent and th e  d e g re e s  o f freedom  in  a l l  s ig n i f ic a n c e  t e s t s  
a re  a d ju s te d  a c c o rd in g ly . S ig n i f ic a n t  h e te ro g e n e ity  e x is t s  among 
th e  means l i s t e d  in  Table 3 ( a n a ly s is  o f v a r ia n c e ,  jF = 3 .3 5 ,
5 [4 36] ^ 2 .6 9 ) .  I f  th e  means a r e  ran k ed , no s ig n i f ic a n t  
d i f f e r e n c e s  e x i s t  betw een a d ja c e n t  m eans. However, th e  a n a ly s is  
COMMON-DIST has  a s ig n i f i c a n t l y  h ig h e r  mean th an  any a n a ly s is  
excep t COMMON-AHCS = 2 .7 1 , ^  5 [g] “ 1 .86  [one t a i l e d ]  between 
COMMON-DIST and COMMON-CORR). I f  th e  a n a ly se s  a r e  pooled  so t h a t  
th e  d i f f e r e n c e s  between tra n s fo rm a tio n s  can be e v a lu a te d , then  th e  
COMMON tra n s fo rm a tio n  g iv e s  s i g n i f i c a n t l y  more congruen t r e s u l t s  
( i . e . ,  a  h ig h e r  mean) th an  does SIZE ( ^  = 2 .2 7 4 , ^  ^ = 1.746
[one t a i l e d ] ) .  The ANGLE tra n s fo rm a tio n  g iv es  r e s u l t s  w ith  low er 
average  congruence th an  SIZE. These f in d in g s  a re  supported  by a 
more d e ta i le d  a n a ly s is  o f  a  su b se t o f  th e  d a ta  which i s  p re se n te d  
e lsew here  (Wood 1982b).
The mean m a tr ix  c o r r e la t io n  among p a r t i t i o n s  i s  v e ry  low f o r  
bo th  th e  SIZE and ANGLE tra n s fo rm a tio n s  (T able  3 ) .  These 
ta n s fo rm a tio n s  w ere chosen to  em phasize th e  shape o f th e  s k e le t a l  
e lem ents used a s  th e  so u rce  o f  in fo rm a tio n  abou t r e l a t io n s h ip s  
among th e  s to r k s .  Shape was d e fin e d  in  two d i f f e r e n t  ways: in  th e
SIZE tra n s fo rm a tio n  shape was th e  r e s id u a l  v a r ia n c e  rem ain ing  from  a 
s t a t i s t i c a l  rem oval o f a s i z e  e s t im a te ;  in  th e  ANGLE tra n s fo rm a tio n  
shape was d e fin e d  a s  th e  a n g le s  sub tended  by p a i r s  o f  m easurem ents 
on th e  bones. The em phasis on shape (o r  th e  de-em phasis o f s iz e )  
has been commonly used in  p h e n e tic  s tu d ie s  because  th e  singiLe
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c h a r a c t e r l s t l c  " s iz e "  o f te n  has  such a  p e rv a s iv e  in f lu e n c e  a s  to  
mask th e  in fo rm a tio n  abou t r e l a t i o n s h ip s  p re s e n t  in  th e  o th e r  
c h a ra c te r s  used in  th e  s tu d y . However, th e  c l a s s i f i c a t i o n s  I  have 
d e riv e d  from  th e  s iz e  t ra n s fo rm a tio n s  show r a th e r  low s t a b i l i t y  
(as  m easured by m a tr ix  c o r r e la t io n s )  r e g a r d le s s  o f  th e  a n a ly s is  
em ployed.
In  c o n t r a s t  to  f in d in g s  o f  some o th e r  in v e s t ig a to r s  ( e . g . ,
S ch n e ll 1969, Robins and S ch n e ll 1971, H e lla c k  1976) bu t s im i la r  
to  my e a r l i e r  r e s u l t s  on c ra n e s  (Wood 1979), d is ta n c e s  gave th e  most 
s ta b l e  ( c o n s is te n t )  r e s u l t s .  However, t h i s  may be more an e f f e c t  o f 
th e  t ra n s fo rm a tio n  than  o f  o th e r  c o n s id e ra t io n s  s in c e  th e  t ra n s fo rm a tio n s  
used by th e  in v e s t ig a to r s  c i t e d  above w ere q u i te  d i f f e r e n t  from 
th o se  used h e re .
Both a n a ly se s  (UPGMA and ARCS) o f  d i s ta n c e s  among th e  ta x a  u s in g  
th e  COMMON tra n s fo rm a tio n  produced r e s u l t s  t h a t  w ere more s t a b l e  
than  th e  CORK a n a ly s is  b u t o n ly  th e  UPGMA (DIST) was s ig n i f i c a n t l y  
h ig h e r . The DIST (UPGMA) and ARCS a n a ly se s  a r e  v e ry  s im i la r  ex cep t 
t h a t  ARCS can a ls o  f in d  c lu s t e r s  t h a t  a r e  n o t h y p e rs p h e ro id a l. I f  
th e  c l u s t e r s  a r e  e lo n g a ted  then  ARCS shou ld  b e t t e r  d e te c t  them and , 
h en ce , g iv e  more s ta b le  r e s u l t s .  T his i s  n o t th e  c a se  h e re  
a lth o u g h  th e  d i f f e r e n c e  in  s t a b i l i t y  (m easured by m a tr ix  c o r r e la t io n )  
i s  n o t  s i g n i f i c a n t .  In sp e c tio n  o f  th e  3-D m odels (F ig s . 11-16; 
th e s e  r e p r e s e n t  th e  i n t e r s p e c i f i c  d i s ta n c e s  v e ry  c lo s e ly )  r e v e a ls  
l i t t l e  e lo n g a tio n  o f c lu s t e r s .
Thus, fo r  th e  purpose o f  r e v e a lin g  p h e n e tic  s t r u c tu r e  c o n s is te n t
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over d i f f e r e n t  s e t s  o f c h a r a c te r s ,  th e  tra n s fo rm a tio n  and a n a ly s is  
COMMON-DIST i s  most e f f e c t i v e .  F ig s .  8 -10  show th e  phenograms from 
th e  s ix  p a r t i t i o n s  ( f iv e  bones p lu s  th e  combined d a ta )  f o r  t h i s  
t ra n s fo rm a tio n  and a n a ly s is .  A ll e x cep t COMMON-SY-DIST a re  r e l a t i v e l y  
good r e p r e s e n ta t io n s  of th e  b a s ic  s im i l a r i t y  m a tr ic e s  (co p h e n e tic  
c o r r e la t io n s  g r e a te r  than  0 .8 3 0 ) . The co p h en e tic  c o r r e la t io n  fo r  
COMMON-SY-DIST i s  0 .737 , in d ic a t in g  d i s t o r t i o n  in  th e  phenogram.
F ig s . 11-16 show th e  3-D m odels d e r iv e d  from MDS a n a ly se s  o f th e  
COMMON tran sfo rm ed  d a ta  s e t s .  These g iv e  more a c c u ra te  
r e p r e s e n ta t io n s  o f th e  d i s s i m i l a r i t i e s  (d is ta n c e s )  among th e  s to r k s  
th an  th e  phenograms bu t a r e  much more d i f f i c u l t  to  i n t e r p r e t  a s  
h i e r a r c h i c a l ly  n e s te d  s e ts  o f c l u s t e r s  ( c l a s s i f i c a t i o n s  in  th e  
u su a l s e n s e ) . The minimum spanning  netw orks superim posed on th e  
m odels g iv e  f u r th e r  in fo rm a tio n  on th e  c lo s e  a f f i n i t i e s  o f  th e  
s to r k s .
The s ix  phenograms o f F ig s .  8 -10  have many c lu s t e r s  in  
common ( th e  av e rag e  m a tr ix  c o r r e la t io n  betw een them i s  0 .5 3 1 ) . In  
p a r t i c u l a r ,  some o f th e  genera  proposed  by Kahl (1972a, 1979b) 
appear c o n s i s t e n t ly  as  c l u s t e r s .  The fo u r  sp e c ie s  p laced  by Kahl 
in  th e  genus M ycteria  c lu s t e r  to g e th e r  in  a l l  a n a ly se s , a s  do th e  
two s p e c ie s  o f Anastomus and th e  th r e e  of L e p to p t i lo s . W ithin  th e  
M ycteria  a s s o c ia t io n ,  M. i b i s  and M. leu c o c e p h a la  a re  a  m u tu a lly  
c lo s e  p a i r  in  a l l  a n a ly se s  ex cep t COMMON-SY-DIST (F ig . lOA).
In  th e  l a t t e r ,  M. i b i s  i s  th e  s p e c ie s  m ost s im ila r  to  
M. le u c o c e p h a la  b u t no t v ic e  v e rs a  ( s e e  F ig . 1 5 ). M ycteria
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am erIcana and M. c in e re a  form a m u tu a lly  c lo s e  p a i r  in  th re e  of 
th e  a n a ly s e s  (COMMON-ALL-DIST, F ig . 8A; COMMON-HU-DIST, F ig . 9A; 
and COMMON-TA-DIST, F ig . lOB) b u t in  th e  rem ain ing  th r e e ,  M. americana  
i s  re p re s e n te d  a s  th e  most d iv e rg e n t o f th e  g roup . T h is  l a t t e r  
arrangem ent i s  n o t new; M. am ericana has t r a d i t i o n a l l y  been 
se p a ra te d  g e n e r ic a l ly  from th e  o th e r  wood s to rk s  (F ig . lA ).
The two sp e c ie s  o f Ephippiorhynchus c l u s t e r  l e s s  c o n s is te n t ly ,  
be ing  a m u tu a lly  c lo s e  p a ir  in  o n ly  th r e e  o f th e  phenograms 
(F ig s . 8A, B and lOA). However, E.  Senegalens i s  i s  more s im ila r  to  
a s i a t i c u s  th an  to  any o th e r  s p e c ie s  in  a n a ly s e s  o f b o th  th e  
humerus and sternum  (F ig s . 13 -1 4 ). For th e  ta r s o m e ta ta rs u s  
d a ta ,JE. s e n e g a le n s is  i s  n e a r ly  a s  s im ila r  to  a s i a t i c u s  a s  i s  
J a b ir u  ( F ig . 16 ).
The r e la t io n s h ip s  o f  th e  sp e c ie s  p laced  by Kahl in to  th e  genus 
C icon ia  a r e  l e s s  c o n s is te n t ly  p o r tra y e d . In  o n ly  two phenograms 
(F ig . 8A and 8B) a re  a l l  f iv e  sp e c ie s  c lu s te r e d  to g e th e r  to  th e  
e x c lu s io n  o f th e  o th e r  s to r k s .  However, some c lo s e  s i m i l a r i t i e s  
a r e  more c o n s is te n t ly  found: £ .  a b d im ii and C^ . ep isco p u s group
to g e th e r  in  a l l  a n a ly se s  and in  fo u r c a se s  a re  m u tu a lly  c lo s e  
p a i r s ;  C^ . n ig r a ,  £ .  ma guar i  and C^ . c ic o n ia  a r e  p re s e n t  in  th e  same 
c lu s t e r  in  fo u r a n a ly s e s . T ab le  4 summarizes th e  n e a re s t  n e ig h b o rs  
(a long  th e  minimum spanning netw ork  in  th e  m u ltid im e n s io n a l c h a ra c te r  
space) o f each o f th e  C icon ia  s p e c ie s  fo r  each  d a ta  s e t .  For two 
s p e c ie s ,  th e  r e s u l t s  a r e  th e  same r e g a r d le s s  o f d a ta  s e t :  th e  most
s im ila r  s p e c ie s  to  C^ . ab d im ii i s  alw ays C^ . ep isco p u s  and th e  most
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s im i la r  to  m aguari i s  in  ev ery  c a se  C^ . c ic o n ia . The converse  i s  
n o t t r u e ;  t h a t  i s ,  m aguari i s  n o t alw ays th e  most s im ila r  s p e c ie s  
to  C^. c ic o n ia . In  f a c t ,  in  o n ly  one o f  th e  s ix  a n a ly se s  (synsacrum ) 
i s  t h i s  t r u e .  However, in  a l l  b u t 2 o f  30 ca se s  th e  n e a re s t  (most 
s im i la r )  s p e c ie s  to  a member o f  th e  genus C icon ia  i s  a congener 
(£ . ep iscopus i s  most s im i la r  to  Anastomus o s c i ta n s  in  th e  s t e r n a l  
a n a ly s i s  and £ .  c ic o n ia  i s  most s im i la r  to  Ephippiorhynchus a s i a t i c u s  
in  th e  a n a ly s i s  o f t a r s o m e ta ta r s a l  d a ta ;  see  F ig s . 14 and 16).
£ .  n ig ra  i s  in te rm e d ia te  betw een th e  two p a i r s  o f s p e c ie s  d isc u sse d  
above; £ .  c ic o n ia  i s  most s im i la r  to  i t  in  fo u r  a n a ly se s  (and v ic e  
v e rs a  in  th r e e  o f th o se )  and £ .  ep isc o p u s  i s  most s im ila r  to  i t  in  
th e  rem ain ing  two ( s t e r n a l  and s y n s a c ra l  d a ta ) .  These r e s u l t s  
s u g g e s t th a t  f o r  sum m arizing th e  p h e n e tic  r e l a t io n s h ip s  among th e  
C ico n ia  sp e c ie s  u s in g  a phenogram , COMMON-ALL-DIST (F ig . 8A) i s  th e  
b e s t  con sen su s. JC. m aguari shou ld  be shown more s im i la r  to  £ .  
c ic o n ia  and £ .  n ig r a  th an  i s  d e p ic te d .  The 3-D model fo r  t h i s  
a n a ly s is  (F ig . 11) g iv e s  a  good g ra p h ic  summary o f th e  p h e n e tic  
r e l a t io n s h ip s  o f  th e  C icon ia  s p e c ie s .
The r e la t io n s h ip s  o f  J a b ir u  a r e  l e s s  c o n s is te n t  th an  f o r  o th e r  
s to r k s .  In  th e  phenograms i t  i s  a s s o c ia te d  w ith  Ephippiorhynchus 
in  COMMON-ALL-DIST (F ig . 8A) and COMMON-TA-DIST (F ig . lOB), and w ith  
C ico n ia  c ic o n ia  a n d /o r  £ .  m aguari in  COMMON-HU-DIST (F ig . 9A), 
COMMON-ST-DIST (F ig . 9B) and COMMON-SY-DIST (F ig . lOA); i t  i s  v e ry  
d i f f e r e n t  from o th e r  s to r k s  when o n ly  th e  s k u l l  i s  co n sid e red  
(se e  F ig s . 8B, 12 ). However, in  th e  a n a ly se s  u s in g  d a ta  from
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e l t h e r  th e  humerus o f  sternum , th e  s p e c ie s  most s im i la r  to  J a b iru  
i s  E phippiorhynchus a s i a t i c u s  (F ig s . 1 3 ,1 4 ). J a b ir u  th u s  shows 
c lo s e s t  s i m i l a r i t i e s  to  E phippiorhynchus b u t i s  a ls o  c le a r ly  
to  some members o f  th e  C icon ia  g roup .
The r e l a t i o n s h ip s  among th e  groups d isc u sse d  above (co rresp o n d in g  
to  th e  genera  o f  Kahl) a ls o  show some c o n s is te n t  f e a tu r e s .
L e p to p ti lo s  i s  d iv e rg e n t  from o th e r  groups in  f iv e  o f  th e  s ix  
a n a ly s e s ,  COMMON-TA-DIST (F ig . lOB) b e in g  th e  e x c e p tio n , and in  a l l  
bu t COMMON-SK-DIST (F ig . 8B) i s  th e  most d iv e rg e n t g roup. In  t h i s  
l a t t e r  e x c ep tio n  (F ig . 8B), Anastomus i s  th e  most d iv e rg e n t b u t s in c e  
th e  two s to rk s  o f t h i s  genus have such h ig h ly  m odified  b i l l s  and 
a s s o c ia te d  s k u ll  s t r u c tu r e s  adap ted  to  a  p a r t i c u l a r  feed in g  method 
(Kahl 1971b), i t  i s  n o t  s u r p r i s in g  th a t  an a n a ly s is  o f s k u l l  
c h a ra c te r s  shows them to  be q u i te  d iv e rg e n t .  In  fo u r  o f  th e  o th e r  
f iv e  a n a ly s e s , Anastomus i s  c lo s e ly  l in k e d  w ith  M ycteria ; in  th e  
f i f t h  (COMMON-ST-DIST, F ig . 9B), th e  a s s o c ia t io n  i s  much l e s s  c lo s e  
b u t ,  a s  can be seen  from th e  c o rre sp o n d in g  3-D model (F ig . 14 ), 
M y c te ria  i s  more s im i la r  to  Anastomus th an  to  any o th e r  genus o r  
g roup . Members o f  th e  E p h ip p io rh y n c h u s-Ja b iru  group a r e  a s s o c ia te d  
w ith  th e  C icon ia  s p e c ie s  in  th r e e  o f  th e  phenograms (F ig s . 8A, 9) b u t 
in  every  3-D model t h i s  group (o r  a  m a jo r i ty  o f  th e  group) i s  l in k e d  
in  th e  minimum spann ing  netw ork  to  C icon ia  s p e c ie s  
Summary o f  P h e n e tic  R e s u lts
My purpose  in  c o n s tru c t in g  phenograms and 3-D m odels was to  
summarize th e  o v e r a l l  s i m i l a r i t y  o f  th e  organ ism s under s tu d y  in
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a c o n c ise  form . Many phenograms (and m odels) were produced d u rin g  
t h i s  s tu d y , each  em phasizing a d i f f e r e n t  a s p e c t  o f  th e  p h e n e tic  
r e l a t i o n s h ip s  among th e  s to r k s .  Both th e  tec h n iq u e  employed to  
examine th e  r e l a t i o n s h ip s  and th e  c h a ra c te r  s e t  used a f f e c t  th e  
r e s u l t s  p roduced . For th e  d a ta  an a lyzed  in  t h i s  p a p e r , th e  COMMON 
tra n s fo rm a tio n  i s  c l e a r ly  p r e f e r r e d  a s  i s  th e  u se  o f  av erag e  
d is ta n c e  a s  a  s im i l a r i t y  m easure. UPGMA i s  a p p ro p r ia te  because  
t h e r e  i s  l i t t l e  e v id e n c e .fo r  e lo n g a ted  c lu s t e r s  among th e  s to r k s .
Thus, th e  COMMON-DIST a n a ly s i s  i s  th e  msot s u i t a b le  to  summarize 
th e  p h e n e tic  s i m i l a r i t i e s .
The c l a s s i f i c a t i o n s  d e riv e d  from  a n a ly se s  o f each  bone a r e  most 
a p p ro p r ia te  where f u r th e r  s tu d y  concerns  th e  p a r t i c u l a r  a s p e c t  
em phasized by th e  c l a s s i f i c a t i o n .  For exam ple, p r e d ic t io n s  o f  th e  
s i m i l a r i t i e s  in  fe e d in g  h a b i t s  and a p p a ra tu s  o f th e  s to r k s  would 
l i k e l y  be most a c c u r a te ly  o b ta in e d  from a c l a s s i f i c a t i o n  em phasizing 
c h a r a c t e r i s t i c s  o f th e  head re g io n  o f  th e  s k e le to n . However, f o r  a 
g e n e ra l summary s ta te m e n t, a  c l a s s i f i c a t i o n  r e p re s e n t in g  th e  
s im i l a r i t y  o v er a l l  c h a ra c te r s  i s  most a p p ro p r ia te  p rov ided  i t  
shows l i t t l e  d i s t o r t i o n  o f  th e  consensus o f  r e l a t io n s h ip s  im p lied  
by th e  d i f f e r e n t  p a r t i t i o n s  o f  th e  d a ta .  The phenogram COMMON-ALL-DIST 
(F ig . 8A) s a t i s f i e s  th e s e  c r i t e r i a  ex cep t t h a t  C icon ia  m aguari 
should  be shown more s im i la r  to  C.  c ic o n ia  and £ .  n i g r a . A b e t t e r  
summary b u t one t h a t  i s  n o t  composed o f h ie r a r c h ic  n o n -o v e rlap p in g  
b ro u p s, i s  g iv en  by th e  3-D model fo r  t h i s  a n a ly s is  (F ig . 11 ).
-2 3 -  
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T ab le  1 .—Taxa and number o f  sp ec im e n s  u s e d  in  t h i s  s tu d y  (n o m en c la tu re  from  K ahl 1972a)
Name 'Tc. 
specim ens
G eographic  ran g e  (Kahl 1979b)
M y c te r ia  am erican a
Am erican Wood S to rk  
M y c te r ia  c in e r e a  
M ilky S to rk  
M y c te r ia  i b i s
Y e llo w b ille d  S to rk  
M y c te r ia  le u c o c e p h a la  
P a in te d  S to rk  
A nastom us o s c i t a n s
A sian  O p e n b ill  S to rk  
A nastom us la m e l l ig e r u s
A fr ic a n  O p e n b ill  S to rk  
C ic o n ia  n ig r a
B lack  S to rk
5 S o u th ern  U n ited  S t a te s  to  P araguay
Cambodia to  Java
6 A f r ic a ,  from  S enegal to  Sudan; so u th  to  N a ta l
I n d ia  and S r i  Lanka to  Vietnam
I n d ia  and S r i  Lanka to  Vietnam
4 AÆ rica, from  S enegal to  Sudan; s o u th  to  T ra n sv a a l




C ic o n ia  a b d im ii
Â bdlm 's S to rk  
C ic o n ia  e p is c o p u s
W oolynecked S to rk  
C ic o n ia  m aguari
M aguari S to rk  
C ico n ia  c ic o n ia  
W hite S to rk  
E p h ip p io rh yn ch u s a s i a t i c u s
B lacknecked  S to rk  5
E p h ip p io rh yn ch u s se n e g a Z e n s is
S a d d le b i l l  S to rk  5
J a b ir u  m y c te r ia
J a b i r u  S to rk  5
L e p t o p t i l o s  J a v a n ic u s
L e sse r  A d ju ta n t S to rk  5
5 A f r ic a ,  from  S enegal to  Uganda and Yemen
I n d ia  and S r i  Lanka to  Borneo and th e  P h i l ip p in e s
5 Colombia to  A rg e n tin a
6 Europe to  T u rk is ta n ;  Cape P ro v in c e ; E a s te rn  S ib e r ia
I n d ia  and S r i  Lanka to  N o r th e a s te rn  A u s t r a l ia
A f r ic a ,  from  S enegal to  Sudan; s o u th  to  T ra n sv a a l
Mexico to  A rg e n tin a
E a s te rn  I n d ia  to  Borneo
Table 1 continued
L e p t o p t i l o s  d u b iu s
G re a te r  A d ju ta n t S to rk  
L e p t o p t i l o s  o ru m e n ife ru s  
Marabou S to rk
N o r th e a s te rn  I n d ia  to  V ietnam
A f r ic a ,  from  S enegal to  Sudan; s o u th  to  N a ta l
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T able 2 . —Bones u sed  to  in f e r  p h e n e tic  r e la t i o n s h ip s  among th e  
S to r k s ;  numbers o f  p o in t s  and c h a r a c te r s  d e f in e d  on each  bone.
Bone p o in ts
Humber o f
l in e a r
m easurem ents
a n g le s
Ossa c r a n i i ,  o ssa  f a c i e i 16 39 51
Axis^ 8 18 24
Humerus 17 36 57
C lav icu la^ 10 15 18
Coracoideum^ 10 16 21
Sternum 9 21 33
Synsacrum, os coxae 11 21 30
T ib io ta rsu s^ 12 20 24
T arso m eta ta rsu s 15 29 39
^Used o n ly  in  p re lim in a ry  a n a ly s e s .
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Table 3 .—S t a t i s t i c s  on m a tr ix  c o r r e la t io n s  betw een  a l l  p a i r s  
o f  c o p h e n e tic  m a tr ic e s  d e r iv e d  from  each o f  th e  f i v e  d a ta  p a r t i t i o n s .  
Each tr e a tm e n t o f  th e  d a ta  i s  a n a ly z e d  se p c œ a te ly ;  f o r  each a n a ly s i s  
th e  number o f  p o s s ib le  in t e r c o r r e l a t io n s  i s  10.
A n a ly s is Mean . Standard  
d e v ia tio n
Range
COMMON-DIST .352 .182 .805 -  .291
COMMON-AHCS .407 .193 .833 -  .177
COMMON-CORR .353 .100 .471 -  .190
SXZE-DIST .312 .145 .520 -  .051
SIZE-AHCS .275 .151 .568 -  .107
SIZE-CORR .339 .171 .679 -  .102
ANGLES-DIST .303 .192 .597 -  .102
ANGLES-AHCS .187 .209 .667 — —.007
ANGLES-CORR .291 .108 .475 -  .151
T ab le  4 . —N e a re s t  n e ig h b o r  in  p h e n e t ic  sp a c e  (a v e ra g e  ta x o n o m ic  d i s t a n c e s  f o r  m em bers 
o f  th e  g en u s  C ic o n ia  f o r  ea ch  d a ta  p a r t i t i o n ;  SK =  s k u l l ,  EU =  hum erus, ST =  stern u m , 
SY =  syn sacru m , TA =  ta r s o m e ta ta r s u s ,  ALL =  a l l  c h a r a c te r s .
R e fe ren ce C ico n ia O ther
s p e c ie s n ig r a a b d im ii e p is c o p u s m aguari c ic o n ia ( s e e  t e x t )
C ic o n ia
n ig r a ST,SY SK,HU,TA,
ALL
a b d im ii SK,HU,ST,
SY,TA,ALL





c ic o n ia HU,TA,ALL SK SY ST
-fe-I
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F ig u re  Legends
F ig . 1 . Dendrograms r e p r e s e n t in g  (A) th e  c l a s s i f i c a t i o n  o f P e te r s  
(1931) and (B) th e  r e l a t i o n s h ip s  p o s tu la te d  by Verheyen (1959).
F ig . 2 . Dendrogram r e p r e s e n t in g  th e  c l a s s i f i c a t i o n  o f Kahl (1979b).
F ig . 3 . R e p re se n ta tiv e  s k e l e t a l  e lem ents o f th e  s to r k s  showing th e  
p o in ts  d e fin ed  in  t h i s  s tu d y . The c h a ra c te r s  d e fin e d  from th e se  
p o in ts  a r e  l i s t e d  in  Appendix I I .  The specim ens i l l u s t r a t e d  a re  
L e p to p ti lo s  sp . (UOMZ 7722, v iew s 1 -4 ) , C icon ia  c ic o n ia  (CM S-1813, 
v iew s 5 -8 , 1 0 -1 5 ), J a b iru  m y c te r ia  (UOMZ 6794, view  9 ) ,  and M ycteria  
am ericana (UOMZ 7720, v iew s 1 6 -2 3 ). The fo llo w in g  bones and v iew s 
a r e  i l l u s t r a t e d ;  (1) s k u l l  and p a la t e ,  v e n t r a l  v iew ; (2) s k u ll  and 
p a l a t e ,  l e v t  l a t e r a l  v iew ; (3) a x is ,  r ig h t  l a t e r a l  v iew ; (4) a x is ,  
c a u d a l v iew ; (5) l e f t  hum erus, proxim al p o r t io n ,  c r a n i a l  view ; (6) 
l e f t  humerus, proxim al p o r t io n ,  caudal . v iew ; (7) l e f t  humerus, 
d i s t a l ,  p o r t io n , c r a n ia l  v iew ; (8) l e f t  hum erus, d i s t a l  p o r t io n , d o rsa l:, 
v iew ; (9) c la v ic u le ,  r i g h t  d o r s o l a te r a l  v iew ; (10) l e f t  coracoideum , 
d o r s a l  view ; ( I I )  l e f t  coracoideum , v e n t r a l  v iew ; (12) sternum , l e f t  
l a t e r a l  view ; (13) sternum , c r a n ia l  v iew ; (14) synsacrum , d o rs a l  
v iew ; (15) synsacrum , l e f t  l a t e r a l  v iew ; (16) l e f t  t i b i o t a r s u s ,  
p rox im al p o r t io n , d o r s a l  v iew ; (17) l e f t  t i b i o t a r s u s ,  d i s t a l  p o r t io n , 
d o r s a l  v iew ; (18) l e f t  t i b i o t a r s u s ,  proxim al end; (19) l e f t  t i b i o t a r s u s ,  
d i s t a l  p o r t io n , m ed ia l v iew ; (20) l e f t  ta r s o m e ta ta r s u s ,  proxim al 
p o r t io n ,  d o rs a l  v iew ; (21) l e f t  ta r s o m e ta ta r s u s ,  p rox im al end;
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(22) l e f t  ta r s o m e ta ta r s u s ,  d i s t a l  p o r t io n , d o r s a l  view ; (23) l e f t  
ta r s o m e ta ta r s u s ,  d i s t a l  p o r t io n , p la n ta r  v iew .
F ig . 4 . Dendrogram o f phenograms d e riv e d  from  a  UPGMA a n a ly s is  of 
a l l  p o s s ib le  m a tr ix  com parisons between th e  c o p h e n e tic  m a tr ic e s  fo r  
th e  51 phenograms o f  t h i s  s tu d y  ( s c a le  i s  in  c o r r e la t io n  u n i t s ) .
F ig . 5 . Phenograms r e p r e s e n ta t iv e  o f th e  m ajor c lu s t e r s  o f th e  
dendrogram  o f  phenogram s; (a) d e riv e d  from  UPGMA c lu s te r in g  of 
taxonom ic d is ta n c e s  based on a n g u la r  c h a ra c te r s  o f th e  hum erus;
(B) d e riv e d  from  an AHCS a n a ly s is  o f  taxonom ic d is ta n c e s  based on 
th e  COMMON tra n s fo rm a tio n  o f  s k u l l  c h a r a c te r s .  S c a le s  o f b o th  
phenograms a r e  in  u n i t s  o f av erag e  taxonom ic d i s ta n c e .
F ig . 6 . Phenograms r e p r e s e n ta t iv e  o f th e  m ajor c lu s t e r s  o f th e  
dendrogram  o f phenogram s. Both a re  d e riv e d  from  UPGMA c lu s te r in g  
o f  c o r r e la t io n s  tak en  from a Q -type f a c to r  a n a ly s i s  o f c a h ra c te r s  
tran sfo rm ed  u s in g  th e  COMMON tra n s fo rm a tio n :  (A) based on a l l
c h a ra c te r s ;  (b) based on s y n s a c ra l  c h a r a c te r s .  S ca le s  o f bo th  
a r e  in  c o r r e la t io n  u n i t s .
F ig . 7 . Phenograms r e p r e s e n ta t iv e  o f th e  m ajor c lu s t e r s  o f th e  
dendrogram  o f  phenogram s: (A) d e riv e d  from  UPGMA c lu s te r in g  o f
taxonom ic d i s ta n c e s  based on th e  SIZE t ra n s fo rm a tio n  o f a l l  
c h a ra c te r s ;  (B) d e riv e d  from UPGMA c lu s te r in g  o f  taxonomic
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d is ta n c e s  based on an g u la r c h a ra c te r s  o f  th e  ta r s o m e ta ta rs u s .
S ca le s  o f  bo th  a re  in  av erag e  taxonom ic d is ta n c e  u n i t s .
F ig . 8 . Phenograms d e riv ed  from  UPGMA c lu s te r in g  of averave  
taxonom ic d is ta n c e s  based on th e  COMMON tra n s fo rm a tio n  o f  th e  
d a ta ;  (A) a l l  c h a ra c te r s ;  (B) s k u l l  c h a ra c te r s .  S ca les  o f  bo th  
a re  in  u n i t s  o f average  taxonom ic d is ta n c e .
F ig . 9. Phenograms d e riv e d  from  UPGMA c lu s te r in g  of average
taxonom ic d is ta n c e s  based on th e  COMMON tra n s fo rm a tio n  o f th e  d a ta :
(A) c h a ra c te r s  o f th e  humerus; (b) c h a ra c te r s  o f th e  sternum .
S ca le s  o f  b o th  a re  in  u n i t s  o f  av e rag e  taxonomic d i s ta n c e .
F ig . 10. Phenograms d e riv e d  from  UPGMA c lu s te r in g  o f  average
taxonom ic d is ta n c e s  based on th e  COMMON tra n s fo rm a tio n  o f  th e  d a ta :
(A) synsacrum  c a h ra c te r s ;  (B) ta r s o m e ta ta rs u s  c a h ra c te r s .  S ca le s  
o f  b o th  a r e  in  u n i t s  o f av erag e  taxonom ic d is ta n c e .
F ig . 11. T hree-d im ensional model showing arrangem ent o f s to rk s  in  
p h e n e tic  space  based on a m u ltid im e n s io n a l s c a l in g  a n a ly s is  of 
a l l  c h a ra c te r s  transfrom ed  u s in g  th e  COMMON p ro ced u re . A minimum 
spanning  netw ork d e riv ed  from taxonom ic d is ta n c e s  c a lc u la te d  from  
th e  tran sfo rm ed  d a ta  i s  superim posed on th e  model.
F ig . 12. T hree-d im ensional model d e p ic t in g  an arrangem ent o f s to rk s
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in  p h e n e tic  space based on a m u ltid im en sio n a l s c a l in g  a n a ly s i s  o f 
s k u ll  c h a ra c te r s  tran sfo rm ed  u s in g  th e  COMMON p ro c e d u re . A minimum 
spanning netw ork d e riv e d  from taxonom ic d is ta n c e s  c a lc u la te d  from 
th e  transfo rm ed  d a ta  i s  superim posed on th e  m odel.
F ig . 13. T h ree-d im en sio n a l model showing arrangem ent o f  s to rk s  
in  p h e n e tic  space based on a m u ltid im en sio n a l s c a l in g  a n a ly s i s  o f 
humerus c h a ra c te r s  tran sfo rm ed  u s in g  th e  COMMON p ro ce d u re . A 
minimum spanning netw ork  d e riv ed  from taxonom ic d i s ta n c e s  c a lc u la te d  
from th e  tran sfo rm ed  d a ta  i s  superim posed on th e  m odel.
F ig . 14. T h ree-d im en sio n a l model showing arrangem ent o f  s to rk s  
in  p h e n e tic  space based on a m u ltid im en sio n a l s c a l in g  a n a ly s i s  o f 
sternum  c h a ra c te r s  tran sfo rm ed  u s in g  th e  COMMON p ro c e d u re . A 
minimum spanning netw ork  d e riv e d  from  taxonom ic d is ta n c e s  c a lc u la te d  
from th e  tran sfo rm ed  d a ta  i s  superim posed on th e  m odel.
F ig . 15. T h ree-d im en sio n a l model showing arrangem ent o f  s to rk s  
in  p h e n e tic  space based on a m u ltid im en sio n a l s c a l in g  a n a ly s i s  o f 
synsacrum c h a ra c te r s  tran sfo rm ed  u s in g  th e  COMMON p ro ce d u re . A 
minimum spanning  netw ork  d e riv e d  from  taxonom ic d is ta n c e s  c a lc u la te d  
from th e  transfo rm ed  d a ta  i s  superim posed on th e  m odel.
F ig . 16. T h ree-d im en sio n a l model showing a rrangem ent o f  s to rk s  
in  p h e n e tic  space  based  on a m u ltid im en sio n a l s c a l in g  a n a ly s is  o f
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t a r  so m e ta ta r  sus c a h ra c te r s  tran sfo rm ed  u s in g  th e  COMMON p ro ce d u re . 
A minimum spann ing  netw ork  d e riv e d  from taxonom ic d is ta n c e s  





'M ycteria am ericana  
'Ibis ib is
-Ibis leucocephalus  
-Ibis cinerus 
'A nastom us o sc itan s  
'A nastom us iam eiligerus 
'Sphenorhynchus abdim ii 
■Dissoura ep iscopu s  
'C iconia ciconia  
' Ciconia nigra 
•Euxenura gaieata  
■Xenorhynchus a sia ticu s
■ Ephippiorhynchus sen ega len sis  
■Jabiru m ycteria
■ L eptoptilos dubius 
•L ep top tilos orum eniferus 






Mycteria am ericana  
Ibis cinereus 
Ibis leucocephalus  
Ibis Ibis
A nastom us osc itan s  
A nastom us iam eiligerus  




' Ephippiorhynchus sen eg a len sis  
• Ephippiorhynchus a sia ticu s  
‘ Ephippiorhynchus m ycteria
■ Dissoura ep isco p u s
' Leptoptilos javanicus
■ Leptoptilos dubius
■ Leptoptilos orum eniferus
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F ig . 2 .
Kahl (1979)
Tribe Genus Species
________________ i ________________ I I
■ M ycteria am ericana  
M ycteria cinerea 
M ycteria Ibis
'  M ycteria leucocephala  
Anastom us oscitans 
Anastomus lam elligerus  
' Ciconia nigra
■ Ciconia abdlm ll 
Ciconia episcopus  
Ciconia m aguari
' C iconia ciconia  
Ephippiorhynchus asiaticus  
Ephippiorhynchus senegalensis 
Jabiru m ycteria  
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• M ycteria am ericana  
’ M ycteria cinerea  
•M ycteria ibis 
•M ycteria leucocephaia  
•A n astom us lam elligerus
• Ciconia abdim ii
• Ciconia ep isco p u s
• Ciconia nigra
• Ciconia ciconia  
■Ciconia m aguari 
•Jabiru m ycteria
■ Ephippiorhynchus a sia ticu s
■ Ephippiorhynchus sen eg a len sis
• L ep top tilos iavan icus
■ L ep top tilo s crum eniferus 
> L eptop tilos dubius










’M ycteria am ericana  
’M ycteria cinerea  
’M ycteria ibis  
’M ycteria leucocephaia  
’Jabiru m ycteria  
•A n astom us o sc ita n s  
’A n astom u s lam elligerus  
•C iconia nigra 
’Ciconia m aguari 
•C iconia abdim ii 
•C iconia e p isco p u s  
•C iconia ciconia  
•E phippiorhynchus asia ticu s  
•Ephippiorhynchus sen eg a len sis  
•L ep to p tilo s  javan icus  
■Leptoptilos dubius  
•L ep to p tilo s  crum eniferus













r M ycteria am ericana  
_ ^ M ycteria cinerea  
|r  M ycteria ibis 
^  M ycteria leucocephaia  
r L ep top tilo s javan icus  
. p  L ep top tilo s crum eniferus 
L ep top tilo s dubius  
A n astom u s o sc ita n s  
A n astom u s lam eliigerus 
Ciconia abdim ii 
Ciconia e p isco p u s  
Ciconia nigra 
C iconia ciconia  
I—  Ciconia m aguari 
[ r  Ephippiorhynchus sen eg a len sis  
^  Ephippiorhynchus asia ticu s  
 Jabiru m ycteria
— [
> 0.6 - 0.2  0.2







M ycteria am ericana  
M ycteria cinerea  
M ycteria ib is
_|— Ciconia m aguari
Ciconia ciconia  
Jabiru m ycteria  
M ycteria leucocephaia  
Ephippiorhynchus a sia ticu s  
Ephippiorhynchus se n eg a len sis  
L ep top tilo s Javanicus 
L ep top tilo s dubius  
L ep top tilo s  crum eniferus 
A n a sto m u s o sc ita n s  
A n astom u s lam elligerus  
Ciconia abdim ii 
Ciconia nigra 









• M ycteria am ericana  
'M ycteria cinerea  
'M ycteria ibis  
'A n astom u s o sc ita n s  
'A n astom u s lam elligerus  
'M ycteria leu coceph aia  
'C icon ia abdim ii 
'C icon ia  ep isco p u s  
'C icon ia  m aguari 
' C iconia ciconia  
-L ep top tilo s  iavan icus  
' Ciconia nigra 
-Jabiru m ycteria  
' Ephippiorhynchus a s ia ticu s  
' Ephippiorhynchus se n e g a le n s is  
' L ep top tilos dubius  












M ycteria am ericana  
M ycteria cinerea  
M ycteria leu cocephaia  
M ycteria ibis
■ A n astom us o sc ita n s  
A n astom us lam eliigerus 
L eptop tilos dubius  
Ciconia e p isc o p u s
• L ep top tilos javan icus
■ L eptop tilos crum eniferus
• Ciconia abdim ii
• Ciconia m aguari
• Ephippiorhynchus a s ia ticu s
• Jabiru m ycteria
• Ciconia nigra
■ Ciconia ciconia
• Ephippiorhynchus se n e g a le n s is




Tec =  0.832
0.8
. , i ,  —
0.4 COMMON-ALL-DIST
M ycteria  am ericana  
M ycteria c in erea  
M ycteria  ib is  
M ycteria  leu coceph a ia  
■ A nastom us o sc ita n s  
‘A n sa to m u s  lam elligeru s
■ C iconia nigra
■ C iconia cicon ia
■ C iconia abd im ii 
■Ciconia e p is c o p u s  
■Ciconia m aguari
■ E ph ippiorhynchus a s ia tic u s  
■Ephippiorhynchus se n e g a le n s is  
■Jabiru m ycteria
■ L e p to p tilo s  javan icu s
■ L e p to p tilo s  du b iu s





fee  =  0.850
0.8 i _ 0.4 COMMON-SK-DIST
■M ycteria am ericana  
•M ycteria  c in erea  
•M ycteria  ib is  
■M ycteria leu coceph a ia  
■Ciconia nigra 
r—C iconia  abdim ii 
M — C iconia  e p is c o p u s
J  '------C iconia  cicon ia
•----------- C iconia  m aguari
-------------- Jabiru  m ycteria
---------------E ph ippiorhynchus a s ia tic u s
-------------- E ph ippiorhynchus se n e g a le n s is
-------------- L e p to p tilo s  javan icu s
L e p to p tilo s  du b iu s  
L e p to p tilo s  crum en iferus  
A n a sto m u s  o sc ita n s  











M ycteria am ericana  
M ycteria cinerea  
M ycteria ib is  
M ycteria leu co cep h a ia  
A n a sto m u s o s c ita n s  
A n a sto m u s  lam elligeru s  
C iconia abd im ii 
C iconia e p is c o p u s  
C iconia nigra 
Ciconia m aguari 
C iconia c icon ia  
E phippiorhynchus a s ia tic u s  
Jabiru m ycteria
E ph ippiorhynchus se n e g a le n s is  
L ep to p tilo s  ja va n icu s  
L e p to p tilo s  crum en iferus  












M ycteria am erican a  
M ycteria c in erea  
M ycteria ib is  
M ycteria leu co cep h a ia  
A n a sto m u s o s c ita n s  
A n a sto m u s lam elligeru s  
C iconia nigra 
C iconia a bd im ii ,
C iconia e p is c o p u s  
E phippiorhynchus a s ia tic u s  
Ciconia cicon ia
E ph ippiorhynchus s e n e g a le n s is  
C iconia m aguari 
Jabiru m ycteria  
L e p to p tilo s  ja va n icu s  
L e p to p tilo s  du b iu s  
L e p to p tilo s  crum en iferus









Tec =  0.737
M ycteria  am erican a  
M ycteria  c in erea  
M ycteria ib is  
M ycteria leu co cep h a ia  
A n a sto m u s  o s c ita n s  
A n a sto m u s lam elligeru s  
Ciconia nigra 
C iconia e p is c o p u s  
C iconia abd im ii 
C iconia m aguari 
C iconia c icon ia  
Jabiru m ycteria  
E ph ippiorhynchus a s ia tic u s  
E ph ippiorhynchus se n e g a le n s is  
L e p to p tilo s  ia va n icu s  
L e p to p tilo s  crum en iferus  













M ycteria am erican a  
M ycteria c in erea  
M ycteria ib is  
M ycteria  leu co cep h a ia  
A n a sto m u s  o s c ita n s  
A n a sto m u s  iam eiiigeru s  
Ciconia e p is c o p u s  
C iconia a bd im ii 
C iconia nigra 
C iconia c icon ia  
Ciconia m aguari 
L e p to p tilo s  Javanicus  
L e p to p tilo s  crum en iferus  
L e p to p tilo s  du b iu s  
E ph ippiorhynchus a s ia tic u s  
E ph ippiorhynchus se n e g a le n s is  
Jabiru m ycteria
COMMON-ALL-DIST
1 .  Mycteria americana









1 1 .  Ciconia ciconia
1 2 .  Ephippiorhynchus asiaticus
1 3 .  Ephippiorhynchus senegalensis
1 4 .  Jabiru mycteria
1 5 .  Leptoptilos javanicus
1 6 .  Leptoptilos dubius


































C O M M O N - H U - D I S T
1 .  Mycteria americana
2 .  Mycteria cinerea
3 .  Mycteria ibis
4 .  Mycteria leucocepfiala
5 .  Anastomus oscitans
6 .  Anastomus lamelligerus
7 .  Ciconia nigra





1 3 .  Ephippiorhynchus senegalensis
1 4 .  Jabiru mycteria
1 5 .  Leptoptilos iavanicus
1 6 .  Leptoptilos dubius










7. Ciconia nigra 




Ephippiorhynchus asiaticus  
Ephippiorhynchus senegalensis 
Jabiru mycteria 












Mycteria leucocephaia  
Anastom us oscitans 
Anastom us iameiiigerus 
Ciconia nigra 
Ciconia abdimii 








































Âppendlx I .  Specimens used in  t h i s  s tu d y . The fo llo w in g  
a b b re v ia t io n s  f o r  museums a re  u se d : AXNH, American Museum o f
N a tu ra l H is to ry , New York, New York; FM, F ie ld  Museum o f  N a tu ra l 
H is to ry , C hicago , I l l i n o i s ;  KU, Museum o f N a tu ra l H is to ry ,
U n iv e rs i ty  o f  K ansas, Lawrence, K ansas; MCZ, Museum o f  Com parative 
Zoology, H arvard U n iv e rs i ty , Cam bridge, M a ssach u se tts ; MVZ, Museum 
o f  V e r te b ra te  Zoology, U n iv e rs i ty  o f  C a l i f o r n ia ,  B e rk e le y , C a l i f o r n ia ;  
NMNH, N a tio n a l Museum o f N a tu ra l H is to ry ,  Sm ithsonian  I n s t i t u t i o n ,  
W ashington, D .C .; OU, S to v a ll  Museum o f  S cience  and H is to ry , 
U n iv e rs i ty  o f  Oklahoma, Norman, Oklahoma; UMMZ, Museum of Zoology, 
U n iv e rs i ty  o f  M ichigan, Ann A rbor, M ichigan ; YPM, Peabody Museum,
Y ale U n iv e r s i ty ,  New Haven, C o n n ec ticu t
M y c te r ia  am erican a  — AMNH 605, 9856; KU 30867; NMNH 19532; OU 7720. 
M y c te r ia  c in e r e a  — NMNH 345229, 430169.
h îy c te r ia  i b i s  — AMNH 2626; FM 104694; KU 70791; NMNH 431651;
UMMZ 215038; YPM 7526.
M yc te r ia  le u c o c e p h a ia  — NMNH 432506, 432507; UMMZ 153055, 154507;
YPM 406.
Anastom us o s c i t a n s  — NMNH 488759, 489353, 553234; UMMZ 216572, 
216573.
Anastom us la m e l l ig e r u s  — MVZ 133407; NMNH 291418, 291419, 291420. 
C ico n ia  n ig r a  — MCZ 6997; NMNH 19784, 291560; YPM 4350.
C ico n ia  a b d im ii  —  AMNH 4860; NMNH 430455, 430456, 430528; YPM 7588. 
C ico n ia  e p is c o p u s  — AMNH 3553, 1370, 4952; NMNH 225807, 226001.
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C iaonia  m aguari — NMNH 19940; OU 10611; UMMZ 156986, 156987, 
158608.
C iaonia  o ia o n ia  —  AMNH 1723, 1724, 2286; NMNH 343156, 430168;
UMMZ 151110.
E phippiorh yn ch us a s i a t i c u s  — AMNH 1729, 2083, 3891; NMNH 19694, 
346193.
E phippiorhynchus s e n e g a le n s is  — AMNH 2433, 2903; FM 104380;
UMMZ 211561, 211562.
J a b iru  m y c te r ia  — NMNH 343465; OU 6794, 10612, 14386; UMMZ 154788. 
L e p to p t i lo s  ja v a n ic u s  — AMNH 2721, 4392, 5059; NMNH 223897;
UMMZ 218204.
L e p to p t i l o s  d u b iu s  — AMNH 4023; FM 104387; NMNH 225988, 429220;
YPM 409.
L e p to p t i l o s  c ru m en ife ru s  —  AMNH 1731, 5862; NMNH 488129; OU 14385;
UMMZ 210451, 218203.
B a la e n ic e p s  r e x  — AMNH 5935, 8817; NMNH 344963, 345070;
UMMZ 215884.
Saopus u m b re tta  — NMNH 18898; UMMZ 154762, 158164, 158419, 158435.
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Appendix I I . — D e s c r ip tio n s  o f th e  p o in ts ,  l in e a r  m easurem ents and 
a n g u la r  c h a r a c te r s  used in  t h i s  s tu d y . The l e t t e r s  id e n t ify in g  
th e  p o in ts  co rresp o n d  to  th o se  la b e le d  on F ig . 3 . N om enclature 
fo llo w s  Baumel, e t  a l .  (1979) and Bock and Me Evey (1969). The 
l in e a r  m easurem ents a re  in te r - p o in t  d is ta n c e s ;  th ey  a r e  l i s t e d  a s  
p a i r s  o f l e t t e r s  co rrespond ing  to  th e  d e sc r ib e d  p o in ts .  R eferences 
to  th e s e  m easurem ents u se  a com bination  o f  th e  two l e t t e r  code 
f o r  th e  bone and th e  two l e t t e r s  f o r  th e  p o in ts  ( e . g . ,  SK-CR,
TA -JP). The in te rc o n n e c tio n s  between any th re e  p o in ts  form a 
t r i a n g le ;  a n g le s  subtended by th e  s id e s  o f  th e se  t r i a n g le s  a re  
used a s  a n g u la r  c h a ra c te r s .  S p e c if ic  a n g le s  a re  named u s in g  th e  
l e t t e r s  o f  th e  th r e e  p o in ts  form ing th e  t r in a g l e  w ith  th e  p o in t 
a t  th e  v e r te x  o f  th e  a n g le  l i s t e d  second ( i . e . ,  c h a ra c te r  AEB 
i s  th e  a n g le  subtended  by l in e s  co n n ec tin g  p o in t A w ith  p o in t  E 
and p o in t  B w ith  p o in t  E ) . As w ith  th e  l in e a r  m easurem ents, 
re fe re n c e s  to  th e  c h a ra c te r s  in c lu d e  th e  code f o r  th e  bone ( e .g . ,  
AX-BCH, HU-KMN). S ince  a l l  a n g le s  f o r  each  t r i a n g le  a r e  used  a s  
a n g u la r  c h a r a c te r s ,  on ly  th e  t r i a n g le s  a r e  l i s t e d .
Ossa c r a n i i ,  o s sa  f a c i e i  — SK 
P o in ts
A. Os p a la tin u m ; la m e lla  c a u d o la te r a l i s ;  ca u d o la te ra lm o s t p o in t
B. Os p a la tin u m ; c r i s t a  v e n t r a l i s ;  caudoven tcalm ost p o in t
C. Os p a la tin u m ; margo v e n t r a l i s  a r t i c u l a r i s  pterygoideum ;
m edialm ost p o in t
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D. Lamina b a s is p h e n o id a l is ;  p ro c e s su s  m e d ia lis ;  r o s tr a lm o s t  p o in t
E. Os p terygo ideum ; f a c i e s  a r t i c u l a r I s  guadratum ; m edialm ost p o in t
F. Os quadraturn; condylus m edlus; r o s t r a lm o s t  p o in t
G. Os quadratum ; condylus m edlus; la te r a lm o s t  p o in t
H. Os quadratum ; c o ty la  q u a d ra to ju g a l ls ;  caudoven tra lm ost p o in t
I .  Os quadratum ; condylus c a u d a l ls ;  v e n tra lm o s t p o in t
L. Ala o c c i p i t a l i s ;  p ro ce ssu s  e x o c c lp l t a l l s ;  m ed loven tra lm ost p o in t  
M. Foramen magnum; margo d o r s a l i s ;  m ed ia l p o in t  
N. P ro c essu s  su p ra m e a tle u s ; v e n tra lm o s t p o in t
0 . P ro c essu s  zygom atlcus; r o s t r a lm o s t  p o in t  
P . P ro c essu s  p o s t o r b l t a l l s ;  v e n tra lm o s t p o in t  
Q. P ro c essu s  o r b l t a l l s  q u a d ra t! ;  m edialm ost p o in t  
R. Os p a r i e t a l I s ;  margo c a u d a l ls  a r t l c u l a r l s  s u p r a o c c lp l ta l l s ;  
m edialm ost p o in t 
L in e a r  m easurem ents 
AB AC BC CD CE CH CM CN AR DE DH DI DL DM DN EF
EF EH EN FG FH FI FM GH HI HL HN HO HQ IL IN LM
MR NP NR OP OQ OR PR
T r ia n g le s
ABC CDE CDH CDN CMR DLH DLI DLM EFG EGH ENH FHN FHI
HIN HOQ NPR OPR
Axis — AX 
P o in ts
A. P ro c essu s  a r t l c u l a r l s  c a u d a l ls ;  f a c i e s  a r t l c u l a r l s ;
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c a u d o la te ra lm o s t p o in t
B. A reus a x is ;  caudom edialm ost p o in t
C. Corpus a x is ;  f a c ie s  a r t i c u l a r i s  c a u d a l l s ;  v en trom ed ia lm ost p o in t
D. Corpus a x is ;  p ro ce ssu s  v e n t r a l i s ;  v e n tra lm o s t p o in t
E. Corpus a x is ;  f a c ie s  a r t i c u l a r i s  a t l a n t i c a ;  v e n tra lm o s t p o in t
F. P ro c essu s  a r t i c u l a r i s  c r a n i a l i s ;  f a c i e s  a r t i c u l a r i s ;  c ra n ia lm o s t
p o in t
G. A rcus a x is ;  cran iom ed ialm ost p o in t
H. A rea ligam entum  e l a s t i c i  c a u d a li s ;  d o rsa lm o st p o in t
L in e a r  m easurem ents 
AB AC AD AE AF BC BD BE BG BH CD CE CG CH DE EF 
EG FG
T r ia n g le s
ABC ABD AEF BCE BCG BCH CDE EFG
Humerus — HU 
P o in ts
A. Im p ress io  m. p e c to r a l i s  p a rs  p ro fu n d u s; d is ta lm o s t  p o in t
B. C r i s t a  p e c to r a l i s ;  c ra n ia lm o s t p o in t
C. Im p re ss io  m. p e c to r a l i s  p a rs  p ro fu n d u s; proxim alm ost p o in t
D. Tuberculum  d o r s a le ;  d o rsa lm o st p o in t
E. J u n c tu ra  in tu m e sc e n tia , margo v e n t r a l i s
F. Im p re ss io  m. scap u lo h u m era lis  c a u d a l i s ;  d is ta lm o s t  p o in t
G. Im p re ss io  m. b ice p s  b r a c h i i ;  p roxim alm ost p o in t
H. Tuberculum  v e n t r a le ;  dor s o la  te ra lm o  s t  p o in t
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I .  Im p ressio  m. la t is s im u s  d o r s i  c a u d a l ls ;  proxim alm ost p o in t
J .  Im p ress io  m. la t is s im u s  d o r s l  c a u d a l ls ;  d is ta lm o s t  p o in t
K. Condylus d o r s a l i s ;  c ra n lo v e n tra lm o s t p o in t  
L. Im p ress io  m. s u p in a to r ;  p roxim alm ost p o in t  
M. Fossa m. b r a c h ia l I s ;  proxim alm ost p o in t
N. Fossa m. b r a c h ia l I s ;  d is ta lm o s t  p o in t
0 . Tuberculum su p raco n d y lare  v e n t r a le  
P . E p lcondylus v e n t r a l i s ;  v e n tra lm o s t p o in t  
Q. E p lcondylus d o r s a l i s ;  c a u d o d ls ta lm o s t p o in t  
L in e a r  m easurem ents 
AB AC AD AE BC BD BE BI CE DE DF DH DI DJ EF EH
FG FH FI GH I J  KL KM KN KO KP KQ LM LN LQ MN MO
NO NP OP OQ 
T r ia n g le s
ABC ABE ACE ADE BDI BED DEF DEH DIF DIJ FGH KLM KLQ
KMN KMO KOP KOQ LMN NOP
C la v lc u la  — FU 
P o in ts
A. S y n o s to s is  I n te r c la v lc u la r e ;  p o in t  s i n i s t e r  to  c ra n lo d o rsa lm o s t
p o in t ;  p o in ts  A and I  a r e  on same p la n a  param ediana
B. P ro c essu s  a c ro m la l ls ;  caudodorsa lm ost p o in t ;  s i n i s t e r
C. P ro c essu s  a c ro m la l ls ;  caudodorsa lm ost p o in t ;  d e x te r
D. A pophysis fu rc u la e ;  f a c ie s  a r t l c u l a r l s  apex c a r ln a e  s te r n a ;
dorsalm o s t  p o In t
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E. Apophysis fu rc u la e ;  f a c i e s  a r t i c u l a r i s  apex c a r ln a e  s te rn a ;  
v e n tra lm o s t p o in t
G. S y n o s to s is  I n te r c l a v lc u l a r e ;  c ra n lo d o rsa lm o s t p o in t
H. Same a s  p o in t G ( In  th e  C lco n lld ae)
I .  Apophysis fu rc u la e ;  f a c i e s  a r t l c u l a r l s  apex c a r ln a e  s te rn a ;
L a te ra lm o s t p o in t  
K. P o in t  to  g iv e  maximum th ic k n e s s  o f e x tre m ita s  s t e r n a l l s  
c la v lc u la e  a t  p o in t  A 
L. A pophysis fu rc u la e ;  f a c i e s  a r t l c u l a r l s  apex c a r ln a e  s te rn a ;  
m idpo in t 
L in e a r  m easurem ents 
AB AC AD AE AG AH AX AK AL BC DE GH GL IK IL 
T r ia n g le s  
ABC ADE AGH AGL AIK AIL
Coracoideum - -  CO 
P o in ts
A. Angulus m e d ia lis ;  m edialm ost p o in t
B. F a c ie s  a r t i c u l a r i s  s t e r n a l l s ;  la te ra lm o s t  p o in t
C. P ro cessu s  l a t e r a l i s ;  d o rs o la te ra lm o s t  p o in t
D. F a c ie s  a r t i c u l a r I s  s t e r n a l l s ;  c r i s t a  v e n t r a l i s ;
c ra n lo la te r a lm o s t  p o in t
E. F a c ie s  a r t l c u l a r l s  s t e r n a l l s ;  c r i s t a  d o r s a l i s ;  caudalm ost p o in t
F . J u n c tu ra  f a c ie s  a r t l c u l a r l s  h u m era lIs , c o ty la  s c a p u la r I s ;
v e n tra lm o s t p o in t
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H. F a c ie s  a r t i c u l a r i s  hum era lis ; d o rsa lm o st p o in t
I .  Im pressio  ligam entum  a c ro co raco h u m era lis ; d o r s o la te ra lm o s t  p o in t 
J .  P ro cessu s  p ro c o ra c o id eus; d o rsa lm o st p o in t
K. F a c ie s  a r t i c u l a r i s  c la v ic u la r  i s ;  caudalm ost p o in t  
L. P rocessus  a c ro c o ra c o id e u s ; tuberculum  b r a c h i a l i s  
L in ear m easurem ents 
AB AC AD AJ BC BD BJ FH FI FJ HI HJ HL JK JL KL 
T ria n g le s  
ABC ABD ABJ FHI FHJ JHL JLK
Sternum — ST
P o in ts
A. Spina e x te rn a ;  c ra n ia lm o st p o in t
B. Spina in te r n a  s i n i s t e r ;  d o rsa lm o st p o in t
C. P rocessus  c r a n i o l a t e r a l i s ;  c ra n lo la te r a lm o s t  p o in t
D. Tuberculum l a b r i  v e n t r a l i s  ( ju n c tu ra  labrum  v e n t r a l i s ,  l in e a e
in te rm u s c u la re ) ; s i n i s t e r
E. Apex c a r ln a e ;  f a c i e s  a r t i c u l a r i s ;  v e n tra lm o s t p o in t
F. Margo c a u d a l is ;  median p o in t
G. T rabecu la  l a t e r a l i s  s i n i s t e r ;  c a u d o la te ra lm o s t p o in t
H. P ro cess  c o s t a l i s  2 s i n i s t e r ;  f a c ie s  a r t i c u l a r i s ;  m idpoin t
I .  F a c ie s  a r t i c u l a r i s  c o ra c o id eus d e x te r ;  m edialm ost p o in t
L inear m easurem ents 
AB AC AD AE BC BD BE BH BI CD CE CF CH DE DF DC .
DH DI EF EH FG
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T ria n g le s
ABD ABE ACD BCD BDE BDI BEH CDH DCF DFG ECF
Synsacrum, os coxae — SY
P o in ts  ( a l l  s i n i s t e r  o r  median)
A. Fovea c o s t a l i s  f o r  caudalm ost c o s ta  v e r t e b r a l i s
B. Fossa a c e ta b u l i ;  margo c r a n i a l i s ;  c ra n ia lm o s t p o in t
C. A n ti t ro c h a n te r ;  caudalm ost p o in t
D. P ro cessu s  l a t e r a l i s  c r i s t a  i l i a c a ;  la te r a lm o s t  p o in t
E. Foramen ob tura tum ; margo c a u d a l is ;  caudodorsa lm ost p o in t
F . P ro c essu s  te r m in a l i s  i s c h i i ;  caudalm ost p o in t
G. Foramen i l io is c h ia d ic u m ; caudalm ost p o in t
H. Ala p r e a c e ta b u la r i s  i l i i ;  la te ra lm o s t  p o in t
I .  E x tre m ita s  c a u d a l is  s y n s a c r i ;  m id d o rsa l p o in t  
J .  P ro cessu s  d o r s o l a t e r a l i s  i l i i ;  caudalm ost p o in t
K. E x tre m ita s  c r a n i a l i s  s y n s a c r i ;  v en trom ed ia lm ost p o in t  
L in e a r  m easurem ents 
AC AF AH AK BC BD BE CD CE CF CG Cl CJ CK DE EF
EG EJ FI HK IK 
T r ia n g le s
ACF AHK BCE BDE CDE CEF CEG CEJ CFI CIK
T ib io ta r su s  — TI 
P o in ts
A. Pons su p ra te n d in e u s ; margo p ro x im a lis
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B. Pons su p ra te n d in e u s ; margo d i s t a l i s
C. Im pressio  l a t e r a l i s  ligam entum  t r a n s v e r sum; d is ta lm o s t  p o in t
D. Tuberculum in te r c o n d y la re ;  c ra n ia lm o s t p o in t
E. Eplcondylus m e d ia l is ;  m edialm ost p o in t
F . Sulcus c a r t i l a g i n i s  t i b i a l i s ;  proxim om edialm ost p o in t
G. Im pressio  m. gas tro cn em iu s  m e d ia lis ;  d is ta lm o s t  p o in t
H. C r is ta  c n e m la lis  c r a n i a l i s ;  proxim alm ost p o in t
I .  C r is ta  c n e m la lis  l a t e r a l i s ;  la te ra lm o s t  p o in t  
J .  Foramen in te ro sseum  d i s t a l e ;  proxim alm ost p o in t
K. Foramen in te ro sseum  p rox im ale ; d is ta lm o s t  p o in t
L. Area i n t e r a r t i c u l a r i s ;  proxim alm ost p o in t
L inear m easurem ents 
AB AD BC BD BE BF CD EF EL GH GI GJ GK HI HJ HL
IK IL JK JL
T ria n g le s
ABD BCD BEF GHI GIK GJK HLI HLJ
T arsomet a t a r s u s  — TA 
P o in ts
A. C r is ta  m e d ia lis  h y p o ta r s i ;  margo p l a n t a r i s ;  proxim alm ost p o in t
B. C r is ta  l a t e r a l i s  h y p o ta r s i ;  margo p l a n t a r i s ;  proxim alm ost p o in t
C. Sulcus h y p o ta r s i ;  f a c i e s  p l a n t a r i s ;  proxim om edialm ost p o in t
D. Eminent ia  in te r c o n d y la r i s ;  proxim alm ost p o in t
E. C oty la  m e d ia lis ;  margo l a t e r a l i s ;  p la n to la te ra lm o s t  p o in t
F . C oty la  m e d ia lis ;  margo d o r s a l i s ;  d o rsa lm o st p o in t
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G. S u lcus  esc ten so rlu s ; m id p o in t betw een marge d i s t a l i s
Im p ressio n es  r e t i n a c u l i  e x te n s o r i i
H. T ro ch lea  m e ta ta r s i  I I I ;  f a c i e s  p l a n t a r i s ;  proxim alm ost p o in t
I .  Foramen v a s c u la re  d i s t a l e ;  f a c i e s  p l a n t a r i s ;  marge d i s t a l e  
J .  T ro ch lea  m e ta ta r s i  IV; marge l a t e r a l i s ;  proxim alm ost p o in t
K. T ro ch lea  m e ta ta r s i  I I ;  marge m e d ia lis ;  proxim alm ost p o in t
L. T ro ch lea  m e ta ta r s i  IV; marge m e d ia lis ;  proxim alm ost p o in t
M. T ro ch lea  m e ta ta r s i  I I ;  marge l a t e r a l i s ;  proxim alm ost p o in t
N. T ro ch lea  m e ta ta r s i  I I I ;  condy lus l a t e r a l i s ;  d is ta lm o s t  p o in t  
P. Fossa m e ta ta r s i  I ;  marge p ro x im a lis ;  proxim alm ost p o in t
L in e a r  m easurem ents 
AB AC AE BC BE CD CE CF DF DG DN FG HI HJ HK HP
IK IN IP JK JL JN JP KN KN LM IN LP MN
T r ia n g le s
ABC ABE ACE CDF DFH HIK HIP HJK HJP INK JKN JLP LMN
PAPER I I
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CHARACTER TRANSFORMATIONS IN FRENETIC 
STUDIES USING CONTINUOUS MORPHOMETRIC VARIABLES 
D. S c o tt  Wood
Woodf D. S o o t t  (D epartm ent o f  Zoology^ U n iv e r s i ty  o f  Oklahoma^ 
Norman^ Oklahoma 73069s c u r r e n t  a d d r e s s :  S e c t io n  o f  B ir d s ,  C arneg ie
Museum o f  S a tu r a i  H is to r y ,  P i t ts b u r g h ,  P e n n sy lva n ia  1 5 2 2 3 ).
C h a ra c ter  tr a n s fo r m a tio n s  i n  p h e n e t ic  s t u d i e s  u s in g  co n tin u o u s  
m orphom etric  v a r ia b le s .  S y s t .  Z oo l. — The s t a b i l i t y  (measured 
u s in g  m a tr ix  c o r r e la t io n s )  o f  p h e n e tic  c l a s s i f i c a t i o n s  based  on 
p a r t i t i o n s  o f  co n tin u o u s  m orphom etric d a ta  (S k e le ta l m easurem ents 
from th re e  groups o f b i rd s )  was compared f o r  a n a ly s e s  in v o lv in g  
two t ra n s fo rm a tio n s :  rem oval o f  s iz e  and rem oval o f  th e  common p a r t
(an e s t im a te  o f  th e  taxon  o f  th e  s tu d y  g ro u p ) . L in e a r  r e g re s s io n  
was used in  b o th  tra n s fo rm a tio n s  to  remove t h a t  p o r t io n  o r  th e  v a r ia n c e  
accounted  f o r  by th e  e s t im a te  o f  e i t h e r  s i z e  o r  th e  common p a r t .
The s iz e  e s tim a te  was a com posite  v a r i a b le  computed a s  th e  mean o f 
th r e e  m easurem ents. The e s tim a te  o f  th e  common p a r t  was th e  s e t  
o f  m easurem ents used to  form  th e  d a ta  s e t  to  be an a ly zed  b u t tak en  
on a s im i la r  s p e c ie s  o u ts id e  th e  s tu d y  g ro u p . R e s u lts  d e riv e d  from 
th re e  s im i l a r i t y  m easures (product-m om ent c o r r e l a t i o n s ,  av e rag e  
taxonom ic d is ta n c e s  and M anhattan d i s ta n c e s )  w ere a ls o  compared.
In  a l l  c a se s  d is ta n c e  m easures produced s i g n i f i c a n t l y  h ig h e r  av erag e  
congruence betw een c l a s s i f i c a t i o n s  th a n  d id  c o r r e la t io n s .  For two 
d a ta  s e t s  th e  t ra n s fo rm a tio n  to  remove th e  common p a r t  r e s u l te d  in
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s i g n i f i c a n t ly  h ig h e r  mean congruence ( f o r  d is ta n c e s )  th an  d id  th e  
t ra n s fo rm a tio n  to  remove s iz e ;  f o r  th e  th i r d d a ta  s e t  th e r e  was 
no s ig n i f i c a n t  d i f f e r e n c e .  The common-part t ra n s fo rm a tio n  i s  
su g g ested  fo r  u se  in  p h e n e tic  s tu d ie s  o f co n tin u o u s m orphom etric 
d a ta .  iP h e n e t ic s ,  co n tin u o u s  c h a r a c te r s ,  r e g r e s s io n , c o n g ru en ce ].
An a n a ly s i s  o f  co n tin u o u s  m orphom etric m easurem ents in  p h e n e tic  
s tu d ie s  t y p i c a l l y  in c lu d e s  one o r more t ra n s fo rm a tio n s  o f  th e  
i n i t i a l  d a ta  (S neath  and S okal, 1973). S ta n d a rd iz a tio n  o f  each 
c h a ra c te r  o v e r  a l l  t a x a ,  f o r  exam ple, i s  r o u t in e ly  conducted  to  
red u ce  th e  h e te ro g e n e i ty  o f  v e c to r s  r e p re s e n t in g  ta x a .  
T ran sfo rm a tio n s  to  red u ce  o r  e l im in a te  s iz e  a r e  a ls o  commonly 
employed (se e  Sneath  and S okal, 1973 :168). The pu rpose  o f such 
tra n s fo rm a tio n s  i s  to  change th e  em phasis on a p a r t i c u l a r  f e a tu r e  
o f  th e  d a ta  ( e . g . ,  g iv e  each  c h a ra c te r  equal w e ig h t, remove a  s iz e  
i n f lu e n c e ) .  C le a r ly ,  some o f th e s e ,  such a s  s iz e  rem oval, r e p re s e n t  
a tte m p ts  to  reduce  th e  v a r ia n c e  p re s e n t  in  th e  d a ta ;  some p o r tio n  
o f  th e  v a r ia n c e  ( e . g . ,  t h a t  o f  s iz e )  i s  though t to  be un im portan t 
o r  even m is le a d in g . My purpose  i s  to  su g g est a  tra n s fo rm a tio n  t h a t  
em phasizes a  component o f  th e  v a r ia n c e  th a t  cou ld  be c o n s id e red  
a s  most u s e fu l  in  p h e n e tic  s tu d ie s .  I  compare c l a s s i f i c a t i o n s  
d e r iv e d  from  d a ta  tra n sfo rm ed  in  t h i s  way w ith  c l a s s i f i c a t i o n s  
d e r iv e d  from  d a ta  tran sfo rm ed  to  remove s iz e .
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COMMON PART TRANSFORMATION 
Given a  s e t  o f c r i t e r i o n  v a r ia b le s  and a second s e t  o f  one o r 
more r e f e re n c e  v a r i a b le s ,  each of th e  c r i t e r io n  v a r ia b le s  can be 
th o u g h t o f a s  having  two p a r t s :  ( 1) a  p a r t  p r e d ic ta b le  by r e g r e s s io n
from th e  re fe re n c e  v a r i a b le s ,  and (2 ) a p a r t  n o t  p r e d ic ta b le  from 
th e  re f e re n c e  v a r i a b le s .  For exam ple, i f  th e  s e t  o f r e f e re n c e  
v a r ia b le s  r e p r e s e n ts  s iz e  and th e  c r i t e r io n  v a r ia b le s  a r e  
m orphom etric s k e le t a l  m easurem ents o f b i r d s ,  then  th e  two p a r t s  of 
each c r i t e r i o n  v a r ia b le  would be ( 1) a s iz e  p a r t  and (2 ) a n o n -s iz e  
p a r t .  A l te r n a te ly ,  i f  th e  re fe re n c e  v a r ia b le s  r e p re s e n t  th e  concep t 
o f " b ird "  then  th e  p a r t s  o f  th e  c r i t e r io n  v a r ia b le s  (w hich, in  t h i s  
c a s e , a re  v e c to r s  o f  m easurem ents f o r  each o f  th e  members o f th e  
group o f b i r d s  under s tu c y )  a re  ( 1) a b ird  p a r t  and (2 ) a  p a r t  n o t 
c o r r e la te d  w ith  th e  g e n e ra l  n o tio n  of " b ir d " .  T his l a t t e r  component 
in c lu d e s  th e  v a r ia n c e  concern ing  th e  d i f f e r e n c e s  among th e  b i r d s  
under s tu d y  a s  w e ll a s  v a r ia n c e  a t t r i b u t a b l e  to  measurement e r r o r .
I f  th e  c r i t e r i o n  v a r ia b le s  a re  th e  members o f a p a r t i c u l a r  b ird  
ta x o n , th e  r e f e re n c e  v a r ia b le s  can be chosen to  r e p re s e n t  an  e s t im a te  
o f  th e  e ssen ce  o f  t h a t  tax o n . In  t h i s  ca se  I  w i l l  r e f e r  to  th e  
f i r s t  p a r t  o f  th e  c r i t e r i o n  v a r ia b le s  a s  th e  common p a r t .  For 
exam ple, i f  th e  c r i t e r i o n  v a r ia b le s  a r e  each  o f th e  s p e c ie s  o f 
s to r k s  (Aves: C ic o n iid a e ) , then  th e  common p a r t  o f  each  o f th e
v a r i a b le s  i s  th e  " s to rk "  p a r t .  I  w i l l  r e f e r  to  th e  second p a r t  
a s  th e  c lu s te r in g  p a r t .  T h is co n cern s , in  t h i s  exam ple, th e  
d i f f e r e n c e s  among th e  s to r k s  n o t c o r r e la te d  w ith  th e  common p a r t .
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T axonom ically , f o r  a n a ly s e s  w ith in  a group o f o rgan ism s, th e  
f i r s t  p a r t  i s  n o t u s e fu l  because i t  i s  common to  a l l  members o f th e  
group under s tudy  (hence th e  common p a r t )  and th e  a n a ly se s  d e a l 
w ith  th e  s i m i l a r i t i e s  and d i f f e r e n c e s  between c lu s t e r s  w ith in  th e  
group. I f  th e  common p a r t  acco u n ts  f o r  a la r g e  p o r tio n  o f  th e  
v a r ia n c e  o f  each o f th e  v a r ia b le s  ( th e  u su a l c a se  due to  r e l a t i v e l y  
h ig h  o v e ra l l  s im i l a r i t y  among th e  members o f th e  g ro u p ), i t  can 
have an o v e r - r id in g  In f lu e n c e  ( in  a manner analagous to  s iz e )  when 
c lu s t e r  a n a ly se s  a re  perfo rm ed . To e lim in a te  t h i s  in f lu e n c e  and 
emphasize th e  c lu s te r in g  p a r t  a tra n s fo rm a tio n  to  remove th e  common 
p a r t  i s  needed .
I f  an e s tim a te  o f th e  common p a r t  can be found, r e g re s s io n  
a n a ly s is  cou ld  be used to  remove i t  from th e  d a ta  (A tch ley , 1978, 
h as  suggested  such a  tec h n iq u e  f o r  th e  rem oval o f s i z e ) . Any taxon 
(o f com parable ran k  to  th o se  in  th e  stu d y ) from o u ts id e  th e  l im i t s  
o f  th e  group under i n v e s t ig a t io n  can be used a s  an  e s tim a te  o f  th e  
common p a r t .  From a  p h e n e tic  v iew p o in t, th e  more s im ila r  th e  o u ts id e  
tax o n , th e  b e t t e r  w i l l  be th e  e s t im a te . I f  more than  one e s tim a te  
i s  a v a i la b le  (o r d e s i r e d ) ,  m u lt ip le  re g re s s io n  can be u sed . The 
p rocedure  i s  to  c a lc u la t e  th e  e s tim a te  o f each c h a ra c te r  s t a t e  f o r  
each taxon from r e g r e s s io n  on th e  o u ts id e  tax o n , s u b tr a c t  th e s e  
e s tim a te s  from th e  o r ig i n a l  v a lu e s  and r e t a in  th e  r e s id u a ls .  The 
r e s id u a ls  a r e  u n c o r re la te d  w ith  th e  v a r ia b le  r e p re s e n tin g  th e  
o u ts id e  tax o n .
L et be a v e c to r  o f  m easurem ents fo r  a g iven  taxon o f  th e
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group under s tudy  over a l l  c h a ra c te r s  and X be th e  v e c to r  o f 
measurem ents f o r  th e  o u ts id e  tax o n . The e s tim a te  o f  th e  common 
p a r t  ( th e  v e c to r  Y) i s  found from Y =  a  + where a = Y -  X and 
B = X * /  s ^ ) . The q u a n t i t i e s  ^  and th e  stan d ard
d e v ia t io n  o f X and Tf, r e s p e c t iv e ly ,  and ^  i s  th e  product-moment 
c o r r e la t io n  between Y and X. The v e c to r  o f r e s id u a ls  (R) i s  found 
from R = Y -  2" These r e s id u a ls  a r e  u n c o rre la te d  w ith  X, th e  e s tim a te  
o f  th e  common p a r t ,  and make up th e  tran sfo rm ed  d a ta .  The procedure 
i s  d e p ic ted  g ra p h ic a l ly  in  F ig . 1.
MATERIALS AND METHODS
Three d a ta  s e t s ,  a l l  o f co n tinuous m easurem ents taken  on th e  
s k e le to n s  o f b i r d s ,  were used in  t h i s  a n a ly s i s .  The m easurem ents 
o f th e  CICON d a ta  s e t  were tak en  from the synsacrum  and 
ta rs o m e ta ta rs u s  o f  th e  17 s p e c ie s  o f  s to r k s  (C ic o n iid a e ) . A fte r  
d e f in in g  9 p o in ts  on th e  s u rfa c e  o f  th e  synsacrum  and 15 on th e  
ta r s o m e ta ta rs u s , I  took  50 m easurem ents betw een v a r io u s  p a i r s  of 
th e  p o in ts .  These rea su rem en ts  were chosen to  r e f l e c t  s k e le ta l  
v a r i a t io n  p re s e n t among th e  s to rk  s p e c ie s . Each s p e c ie s  was 
re p re se n te d  by th e  means o f up to  s ix  in d iv id u a ls .  These d a ta  a re  
p a r t  o f a l a r g e r  s e t  (o f n in e  bones) analyzed  in  Wood (1 9 8 2 a ,b ).
The GRUINAE d a ta  a re  m ostly  le n g th s  and w id th s in v o lv in g  a l l  
m ajor s k e le t a l  e lem en ts from th e  13 s p e c ie s  o f  ty p ic a l  c ra n e s  
(G ruidae: G ru in ae ) . A s im ila r  s e t  o f  m easurem ents was used to  form
th e  SPARROW d a ta  s e t  based  on th e  n in e  s p e c ie s  o f  th e  genera  
Z o n o tr ic h ia , P a s s e r e l l a  and M elospiza (E m berizidae: E m b eriz in ae ).
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I  m easured 55 c h a r a c te r s  f o r  th e  GRUINAE d a ta  s e t  and 48 f o r  th e  
SPARROW d a ta .  These w ere ta k e n  on each  sk e le to n  and each  s p e c ie s  
was re p re s e n te d  by th e  means o f up to  10 in d iv id u a ls .  A very  s im i la r  
measurement s e t  was f i r s t  d ev ised  by S c h n e ll (1970) f o r  u se  w ith  
g u l l s  and r e l a t e d  b i r d s ,  and th en  m od ified  fo r  u se  w ith  a group o f 
g ra s s la n d  sparrow s (R obins and S c h n e ll , 1971). The av e ra g e  s im i l a r i t y  
among th e  s to rk s  was h ig h e r  th an  among th e  c ra n e s  b u t c o n s id e ra b ly  
low er than  among th e  sparrow s.
A ll d a ta  were tran sfo rm ed  to  remove th e  common p a r t  a s  
d e s c r ib e d  above. The es tim a te  o f  th e  common p a r t  f o r  th e  SPARROW 
d a ta  was d e riv e d  from Junco v u lc a n i .  a  member o f a  group o f  b i rd s  
th o u g h t to  be c lo s e ly  r e l a te d  to  th e  sparrow s an a ly zed  h e re ,  and 
v e ry  s im i la r  p h e n e t ic a l ly  to  th e  Z o n o tr ic h ia  and M elospiza sp e c ie s  
(P a y n te r , 1966, p e r s .  o b s . ) .  The e s tim a te s  used fo r  th e  CICON and 
GRUINAE common p a r t s  each  invo lved  two s p e c ie s :  f o r  th e  CICON
d a ta  I  employed B a la en ic ep s  r e x  and Scopus u m b re tta ; f o r  th e  GRUINAE 
d a ta  I  used th e  two s p e c ie s  o f  B a le a r ic a  th a t  com prise  th e  second 
su b fam ily  o f  th e  G ru id ae . In  b o th  c a s e s ,  th e  s p e c ie s  s e le c te d  to  
e s t im a te  th e  common p a r t  a r e  though t to  be r e l a te d  to  th e  group 
b e in g  an a ly zed  (O lson , 1978, W alkinshaw, 1973), and a r e  p h e n e tic a l ly  
s im i la r  to  members o f  th e  g roup.
Each d a ta  s e t  was s u b je c te d  to  a  tra n s fo rm a tio n  to  remove s i z e .  
As suggested  by A tc h le y  (1978 ), r e g re s s io n  a n a ly s i s  was u se d . The 
p ro ced u re  i s  i d e n t i c a l  to  t h a t  d e s c r ib e d  above f o r  th e  rem oval o f 
th e  common p a r t  e x c ep t t h a t  to  remove s iz e  th e  v a r i a b le  X i s  a
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v e c to r  o f  m easurem ents fo r  a  g iven  c h a ra c te r  over a l l  s p e c ie s ,  and 
th e  v a r i a b le  Y i s  an e s t im a te  o f s iz e  f o r  each  s p e c ie s .  The e s tim a te  
o f s iz e  used f o r  th e  CICON d a ta  was a com posite  v a r i a b le  computed 
a s  th e  av erag e  o f  ta r s o m e ta ta rs u s  le n g th ,  t i b i o t a r s u s  le n g th  and 
synsacrum  le n g th  ( c h a r a c te r s  TA-SN, TI-EL and SY-CJ o f  Wood, 1982a, b ) . 
The s i z e  e s tim a te  fo r  th e  GRUINAE and SPARROW d a ta  was a  s im i la r  
com posite  v a r ia b le  computed a s  th e  average  o f  ta r s o m e ta ta rs u s  
le n g th ,  t i b i o t a r s u s  le n g th  and sternum  le n g th  ( c h a r a c te r s  37, 35 
and 21 o f  S c h n e ll , 1970, Robins and S c h n e ll , 1971, and Wood, 1979).
Comparisons o f  th e  r e s u l t i n g  c l a s s i f i c a t i o n s  were done u s in g  
th e  id ea  o f congruence , d e fin e d  by R ohlf and Sokal (1981) as  
"agreem ent o f s e p a ra te  c l a s s i f i c a t i o n s  a r r iv e d  a t  by th e  same 
a lg o r ith m s  and based on th e  same s e t  o f ta x a  b u t on d i f f e r e n t  s e t s  
o f  c h a r a c te r s ,"  I t  i s  g e n e ra lly  agreed  t h a t  a p ro ced u re  p roducing  
h ig h e r  congruence would be p re fe r re d  when c r e a t in g  c l a s s i f i c a t i o n s  
(R ohlf and S okal, 1981). As p o in ted  o u t by th e s e  a u th o r s ,  
congruence by i t  s e l f  i s  a  poor c r i t e r i o n  s in c e  p e r f e c t  congruence 
can be ach ieved  by making th e  r e s u l t s  independen t o f th e  d a ta . 
However, when th e  p ro ce d u re s  a re  chosen u s in g  c r i t e r i a  o th e r  than  
congruence (a s  th e y  a re  h e r e ) , i t  i s  a  u s e fu l  m easure o f  perform ance. 
Congruence was a s se s se d  u s in g  th e  m a tr ix  c o r r e la t io n  (S neath  and 
Sokal, 1973). T his i s  a good m easure o f  th e  r e l a t i v e  congruence o f 
p h e n e tic  c l a s s i f i c a t i o n s  a lth o u g h  i t  may n o t be o p tim al f o r  
e v a lu a tin g  a b s o lu te  l e v e l s  o f  concordance (R ohlf 1982).
The fo llo w in g  p ro ced u re  was c a r r ie d  o u t on each o f  th e  th re e
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d a ta  s e t s :  (1) The raw d a ta  were tran sfo rm ed  by (a ) removing s iz e
and (b) rem oving th e  common p a r t  a s  d e s c r ib e d  above. (2) T w enty-five  
c h a ra c te r s  were chosen a t  random u s in g  a  s ta n d a rd  random number 
g e n e ra to r  (GGUBS s u b ro u tin e  o f  th e  IMSL FORTRAN l i b r a r y ;  IMSL,
1980) from each o f  th e  tran sfo rm ed  m a tr ic e s .  (3) Each o f th e  
random c h a ra c te r  s e t s  was s ta n d a rd iz e d  by c h a ra c te r s  and then  
s im i la r i t y  m a tr ic e s  were computed o f  (a )  product-m om ent c o r r e la t io n s ,  
(b) av erag e  taxonom ic d is ta n c e s  and (c) M anhattan d is ta n c e s .  
Phenograms were c o n s tru c te d  u s in g  th e  unw eighted p a ir -g ro u p  method 
w ith  a r i th m e t ic  a v e rag es  (UPGMA) on th e  s i m i l a r i t y  m a tr ic e s . 
D isc u ss io n s  o f  th e s e  s ta n d a rd  p h e n e tic  te c h n iq u e s  a r e  in  Sneath  and 
Sokal (19 7 3 ). (4) S tep s  2 and 3 were run  10 t im e s , each s t a r t i n g
w ith  a d i f f e r e n t  random se ed . (5) M atrix  c o r r e la t io n s  were 
c a lc u la te d  between a l l  m a tr ic e s  o f a  g iv en  ty p e  ( e . g . ,  w ith in  
size-rem oved c o r r e la t io n s ,  w ith in  common-part M anhattan d i s t a n c e s ) .  
( 6) S tep s  4 and 5 were perform ed 10 t im e s . The r e s u l t i n g  sam ples 
(n = 450) o f c o r r e la t io n s  from each  s im i l a r i t y  m easure from  each 
tra n s fo rm a tio n  were te s t e d  fo r  d i f f e r e n c e s  in  m eans. The n u l l  
h y p o th e s is  in  th e s e  c a se s  was: th e  mean congruence u s in g  th e
a n a ly s i s  on d a ta  tran sfo rm ed  by th e  rem oval o f s iz e  i s  eq u a l to  
th e  mean fo r  th e  same a n a ly s i s  on d a ta  tran sfo rm ed  by th e  rem oval 
o f  th e  common p a r t .  There a r e  n in e  a n a ly s e s  co rre sp o n d in g  to  a l l  
com binations o f th re e  d a ta  s e t s  and th re e  s im i l a r i t y  m easures.
The o b s e rv a t io n s  w ith in  each  sample a r e  n o t  independen t; th u s  th e  
d eg re e s  o f freedom  in  th e  ^ - t e s t  must be a d ju s te d .  At l e a s t  n in e
—7 6—
com parisons w ith in  each  o f th e  runs ( s te p s  2 and 3) a r e  independent 
and th e  r e p l i c a t e s  ( s te p  5) a r e  in d ep en d en t. Thus, th e  d eg rees  
of freedom were a d ju s te d  from 898 (2 X sample s iz e  -  2) to  162 
(9 com parisons X 9 r e p l i c a t e s  X 2 ) .  A s im ila r  ad ju s tm en t was 
used by B irch  e t  a l .  (1963). For th e  common-part tra n s fo rm a tio n , 
d i f f e re n c e s  in  means were te s te d  fo r  between p a i r s  o f  v a lu e s  w ith in  
each d a ta  s e t .  D egrees o f freedom  were a d ju s te d  a s  above. A ll 
com putations were done on th e  IBM 370-158 a t  th e  U n iv e rs i ty  of 
Oklahoma u s in g  SAS (B arr e t  a l . ,  1979), NT-SYS (R o h lf, Kishpaugh 
and K irk , 1979) and FORTRAN r o u t in e s .
RESULTS AND DISCUSSION
R a tio s  o f  th e  t o t a l  v a r ia n c e  in  th e  tran sfo rm ed  d a ta  to  the  
t o t a l  v a r ia n c e  in  th e  o r ig in a l  d a ta  a r e  l i s t e d  f o r  bo th  
tra n s fo rm a tio n s  in  T able 1. The common p a r t  acco u n ts  f o r  a  la rg e  
p o r tio n  o f th e  v a r ia n c e  in  a l l  th re e  d a ta  s e ts  (87-98% ). S ize  
a ls o  acco u n ts  fo r  a  c o n s id e ra b le  p o r tio n  (76-89% ). C le a r ly , 
e i th e r  th e  common p a r t  o f s iz e  could  mask o th e r  r e la t io n s h ip s  
im plied  by th e s e  d a ta .
The d i f f e re n c e s  in  th e  amount o f v a r ia n c e  ex p la in ed  by th e  
common p a r t  f o r  th e  th re e  d a ta  s e ts  a re  due bo th  to  th e  average  
s im i la r i ty  among th e  ta x a  and to  th e  s im i la r i t y  o f  th e  e s tim a to r  
to  th e  ta x a  in  th e  group. For th e  SPARROW d a ta  th e  average  
s im i la r i t y  i s  v e ry  h ig h  and th e  o u ts id e  taxon i s  a ls o  v e ry  s im ila r  
whereas th e  l e v e l s  o f  s im i la r i t y  fo r  th e  CICON d a ta  a re  c o n s id e ra b ly  
l e s s .  T h is  i s  p r e d ic ta b le  from th e  r e l a t io n s h ip s  ex p ressed  by th e
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c u r re n t  c l a s s i f i c a t i o n  o f  b i r d s ;  th e  e s tim a to r  f o r  th e  SPARROW 
common p a r t  (Junco v u lc a n i)  i s  a  member o f  th e  same sub fam ily  a s  
th e  SPARROW s p e c ie s ;  th e  e s t im a to r s  f o r  th e  GRUINAE a re  in  a 
d i f f e r e n t  sub fam ily  o f  th e  fa m ily  c o n ta in in g  th e  GRUINAE s p e c ie s ,  
w h ile  th e  e s t im a to rs  o f th e  common p a r t  o f  th e  CICON d a ta  a re  in  
s e p a ra te  f a m i l ie s  in  th e  C ic o n ii form es.
Three s im i l a r i t y  m easures were used a s  th e  b a s is  f o r  producing  
c l a s s i f i c a t i o n s  from d a ta  tran sfo rm ed  by th e  rem oval o f  th e  
common p a r t .  The mean congruence v a lu e s  fo r  each  tra n s fo rm a tio n  
u s in g  each o f th e s e  th r e e  s i m i l a r i t y  m easures a re  g iv en  in  T able 
2 (a long  w ith  o th e r  p e r t in e n t  s t a t i s t i c s ) . A c o n s id e ra b le  ran g e  
o f  av erag e  congruence v a lu e s  (0 .165  to  0.942 from a  p o s s ib le  range  
o f - 1.0  to  1 . 0) a r e  p re s e n t  when a l l  s im i la r i t y  m easures and d a ta  
s e t s  a r e  c o n s id e re d . However, th e  u se  o f c o r r e la t io n s  a s  a 
s im i la r i t y  g iv e s  s ig n i f i c a n t l y  low er average  congruence v a lu e s  
th an  do th e  d is ta n c e  m easures (com parisons between c o r r e la t io n  and 
average  d is ta n c e  v a lu e s :  ^  001[“ ] ~ 3-29» £. [CICON] = 3 5 .2 1 , 
^[GRUINAE] = 1 8 .6 7 , _t[SPARROW] = 1 2 .5 2 ) . The v a lu e s  a re  
e x c e p tio n a l ly  low f o r  th e  CICON and GRUINAE d a ta  s e t s  (0 .175  and
0 .165 , r e s p e c t iv e ly ) .  There i s  r e l a t i v e l y  l i t t l e  d i f f e r e n c e  
between th e  v a lu e s  f o r  th e  d is ta n c e  s im i l a r i t y  m easures a lth o u g h  
fo r  two o f  th e  d a ta  s e t s  (CICON and SPARROW) th e  M anhattan d is ta n c e s  
g iv e  s ig n i f i c a n t l y  h ig h e r  av e ra g e  congruence (jt[CICON] = 3 .7 3 , 
^[SPARROW] « 6 .4 8 ) .
The u se  o f  c o r r e la t io n s  a s  s i m i l a r i t y  m easures on th e s e
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d a ta  s e t s  p roduces  r e s u l t s  t h a t  a re  h ig h ly  dependent on th e  
c h a ra c te r  s e t  chosen  fo r  a n a ly s e s . D is ta n c e  m easures p ro v id e  much 
g r e a te r  s t a b i l i t y  and should be p re fe r r e d  in  taxonom ic a n a ly se s  
u s in g  d a ta  s im i la r  to  th o se  t r e a te d  h e re . The l e v e l  o f  s t a b i l i t y  
(m easured by av erag e  congruence) i s  dependent on th e  p a r t i c u l a r  
d a ta  a n a ly z e d ; i t  i s  v e ry  h ig h  fo r  th e  SPARROW d a ta .  The low er 
v a lu e s  f o r  th e  d is ta n c e  m easures fo r  th e  CICON and GRUINAE d a ta  
s t i l l  r e f l e c t  c o n s id e ra b le  s im i la r i t y  among th e  phenogram s. An 
example i s  th e  com parison betw een th e  two phenograms in  F ig . 2 
( tak en  from  Wood 1982b). The m a tr ix  c o r r e la t io n  i s  0.489 bu t most 
o f th e  m ajor g roups a r e  th e  same in  b o th  and many o f th e  d e t a i l s  
o f  th e  r e l a t i o n s h ip s  among th e  s p e c ie s  co rre sp o n d .
Com parisons betw een th e  common-part t ra n s fo rm a tio n  and th e  
s ize-rem oved  t ra n s fo rm a tio n  f o r  v a lu e s  o f  av e ra g e  congruence o f 
c l a s s i f i c a t i o n s  a r e  a ls o  g iven  in  T ab le  2 . I  w i l l  n o t c o n s id e r  
f u r th e r  th e  u se  o f  c o r r e la t io n s  because t h i s  s im i l a r i t y  m easure 
r e s u l t s  In c l a s s i f i c a t i o n s  o f  v e ry  low av e rag e  congruence. For 
two o f  th e  d a ta  s e t s  (CICON and SPARROW), a  s t a t i s t i c a l l y  
s ig n i f i c a n t  in g re a s e  in  average  congruence r e s u l te d  from th e  rem oval 
o f  th e  common p a r t  compared to  rem oval o f  s i z e  (s e e  Table 2 fo r  
t e s t  v a lu e s ) . For th e  SPARROW d a ta  th e  in c re a s e  i s  e s p e c ia l ly  
n o ta b le  s in c e  th e  av erag e  congruence i s  v e ry  h ig h  f o r  th e  
s ize-rem oved  tra n s fo rm a tio n . For th e  GRUINAE d a ta  th e  congruence 
means f o r  a v e ra g e  taxonom ic d is ta n c e s  a r e  n o t s t a t i s t i c a l l y  
d i f f e r e n t ;  f o r  th e  M anhattan d is ta n c e s  th e  mean f o r  th e  common-part
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t ra n s fo rm a tlo n  i s  s i g n i f i c a n t l y  low er than  f o r  th e  size-rem oved  
tra n s fo rm a tio n .
Thus, f o r  two o f th e  th r e e  d a ta  s e t s  an a ly zed  th e  rem oval o f 
th e  common p a r t  o f  th e  v a r i a b le s  r e s u l te d  in  an  in c re a s e  in  
congruence between c l a s s i f i c a t i o n s  based on random p a r t i t i o n s  o f 
th e  d a ta  over th e  congruence o b ta in e d  from th e  tra n s fo rm a tio n  
rem oving s iz e .  T h is ih c x a a se  r e s u l te d  when d is ta n c e s  ( e i t h e r  
a v e ra g e  taxonom ic o r  M anhattan) were used a s  a  s i m i l a r i t y  m easure; 
when c o r r e la t io n s  w ere u se d , th e  average congruence was s ig n i f i c a n t l y  
low er r e g a rd le s s  o f  th e  tra n s fo rm a tio n . Removal o f  th e  common p a r t  
em phasizes th e  v a r ia n c e  r e le v a n t  to  th e  fo rm a tio n  o f c l a s s i f i c a t i o n s  
and may produce more s t a b l e  r e s u t l s  th an  th e  rem oval o f  s i z e .  I  
su g g e s t t h a t  t h i s  tra n s fo rm a tio n  (rem oval o f  th e  common p a r t )  may 
be u s e f u l  in  p h e n e tic  s tu d ie s  u s in g  c o n tin u o u s  m orphom etric d a ta .
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TABLE 1. RATIO OF THE TOTAL VARIANCE IN TRANSFORMED DATA TO 
TOTAL VARIANCE IN ORIGINAL DATA FOR THREE DATA SETS (SEE TEXT 
FOR DESCRIPTION).
D ata s e t
T ran sfo rm a tio n




TABLE 2 . MATRIX CORRELATIONS WITHIN ANALYSES FOR THREE SIMILARITY MEASURES IN TOW DIFFERENT 
TRANSFORMATIONS FOR THE THREE DATA SETS (SEE TEXT FOR DESCRIPTION). MEANS (X ), STANDARD 
DEVIATIONS (SD) AND RANGES (M in ., M ax.) GIVEN. SAMPLE SIZE IS  450 IN EACH CASE. THE t-VALUE 
REFERS TO HYPOTHESIS OF EQUALITY OF MEANS BETWEEN TRANSFORMATIONS. SIGNIFICANCE LEVELS ARE: 
* , IP < .0 1 ; *** , P < .0 0 1 ; n s ,  NOT SIGNIFICANT. CRITICAL t-VALUE USED IN ALL CASES IS
* .001[«] " 3 29.
S iz e  removed Common p a r t  removed
D ata s e t  and
s i m i l a r i t y  m easure X SD Min. Max. X SD Min. Max. t
CICON
C o r r e la t io n .265 .153 —.066 .876 .174 .155 - .1 3 3 .730 8.83***
A verage d i s ta n c e .516 .165 .032 .891 .557 .171 - .0 5 3 .928 3.63***
M anhattan  d i s ta n c e .472 .195 - .1 9 0 .952 .559 .167 .018 .921 10.45***
GRUINAE
C o r r e la t io n .198 .200 - . 2 2 0 .827 .165 .196 - .1 7 8 .685 2 .52*
A verage d i s t a n c e .438 .242 - .3 0 1 .882 .427 .224 - .2 4 9 .878 0 .7 3 n s





C o r r e la t io n .703 .140 .237 .975 .818 .125 .470 .996 13.09***
A verage d i s t a n c e .713 .181 .176 .997 .911 .096 .406 .997 20.47***





F ig . 1. Schem atic p lo t  i l l u s t r a t i n g  rem oval o f  th e  common p a r t .
C o o rd in a tes  o f  d o ts  a re  th e  co rre sp o n d in g  v a lu e s  fo r  c h a ra c te r s
• thfrom th e  i  taxon  in  group under s tu d y  (o rd in a te )  and th e  o u ts id e  
taxon  (e s t im a te  o f  th e  common p a r t ;  a b c i s s a ) . L ine re p re s e n ts  
e s tim a te  (u s in g  l i n e a r  r e g re s s io n )  o f taxon  o f study  group 
based on o u ts id e  tax o n . R esid u a l (marked i s  th e  v e r t i c a l
d is ta n c e  (d is ta n c e  a long  th e  o rd in a te )  betw een a g iven  p o in t  and
+h
th e  l i n e ;  t h i s  i s  th e  transfo rm ed  v a lu e  f o r  th e  k c h a ra c te r  o f 
th e  taxon  in  th e  d a ta  m a tr ix .
F ig . 2 . Two phenograms chosen to  i l l u s t r a t e  s i m i l a r i t i e s  between 
phenograms f o r  which th e  m a tr ix  c o r r e la t io n  between t h e i r  
r e s p e c t iv e  c o p h e n e tic  m a tr ic e s  i s  l e s s  th an  0 .6  ( a c tu a l  c o r r e la t io n  
i s  0 .5 3 5 ) . Taxa a re  members o f  th e  a v ia n  fam ily  C icon iidae  
( s to rk s )  ane c h a ra c te r s  were tak e n  from  th e  s k u l l  (SK) and synsacrum  
(SY), and tran sfo rm ed  by rem oval o f  th e  common p a r t .  The s c a le s  
a r e  in  u n i t s  o f  average  taxonomic d i s ta n c e .
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F ig . 2.
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COMMON -  SK — DIST






Mycteria americana  
Mycteria cinerea 
Mycteria ibis 
Mycteria ieucocepfiala  
Ciconia nigra 
Ciconia abdimii  
Ciconia ep iscopu s  
Ciconia ciconia  
Ciconia maguari 
Jabiru mycteria  
Ephippiorhynchus as ia ticu s  
Ephippiorhynchus sen eg a len s is  
Leptoptilos javanicus  
Leptoptilos dubius  
Leptoptilos crumeniferus 
A nastom us o sc itans  
Anastom us lamelligerus








Mycteria americana  
Mycteria cinerea  
Mycteria ibis  
Mycteria leucocephala  
A nastom us o sc itans  
A nastom us lamelligerus  
Ciconia nigra 
Ciconia e p iscopu s  
Ciconia abdimii  
Ciconia maguari 
Ciconia ciconia 
Jabiru mycteria  
Eptiippiorhynchus asia ticus  
Ephippiorhynchus se n e g a le n s is  
Leptoptilos javanicus  
Leptoptilos crumeniferus  
Leptoptilos dubius
PAPER I I I
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CONCORDANCE BETWEEN CLASSIFICATIONS OF THE CICONIIDAE 
(AVES) BASED ON BEHAVIORAL AND MORPHOLOGICAL DATA 
D. S c o tt  Wood
ABSTRACT
K a h l 's  d a ta  on c o u r ts h ip  b eh av io r in  th e  C ic o n iid a e  were 
recoded and ana lyzed  from  a p h e n e tic  v iew p o in t. The r e s u l t a n t  
c l a s s i f i c a t i o n  r e f l e c t s  h i s  p u b lish ed  r e s u l t s  excep t f o r  th e  
placem ent o f  C icon ia  n ig r a  and th e  genera  J a b iru  and E ph ipp io rhynchus. 
C la s s i f ic a t io n s  based on s k e le t a l  morphology a re  h ig h ly  cong ruen t 
w ith  th o se  r e c a lc u la te d  from  th e  b e h a v io ra l d a ta .  The c l a s s i f i c a t i o n  
suggested  by b o th  s e t s  o f  d a ta  i s  s im i la r  to  th a t  proposed by Kahl 
w ith  th e  fo llo w in g  changes: (1) J a b iru  i s  in c luded  w ith
E phipp iorhynchus; (2) E phippiorhynchus i s  t r a n s f e r r e d  in to  th e  
C ic o n iin i .
INTRODUCTION
K a h l 's  (1966, 1971, 1972a-e , 1973) s tu d ie s  o f th e  r i t u a l i z e d  
c o u rts h ip  b eh av io r o f  th e  17 s p e c ie s  o f s to rk s  (C ico n iid a e )  a r e  
among th e  most com plete com parative  d e s c r ip t io n s  o f b e h a v io r  fo r  
any fam ily  o f  b i r d s .  He co n s id e red  th e  taxonom ic im p lic a tio n s  o f  
th e  b e h a v io ra l t r a i t s  and recommended s ig n i f ic a n t  changes in  th e  
c l a s s i f i c a t i o n  o f  t h i s  group (Kahl 1972a, 1979) P re v io u s  to  K a h l 's  
work, th e  c l a s s i f i c a t i o n  most o f te n  used  was th a t  o f  P e te r s
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(1931; F ig . 1 ) , who s p l i t  th e  fam ily  in to  11 g en era  and two 
s u b fa m ilie s . Verheyen (1959) in c lu d ed  a l l  b u t one o f th e  s to r k s  
(Anastomus o s c i t a n s ) in  h i s  a n a ly s is  o f  th e  C ico n iifo rm es (sensu  
Wetmore 1960). He used  a  l a r g e  s u i t e  o f  c h a ra c te r s  taken  from 
many a s p e c ts  o f th e  morphology and b e h a v io r  o f  th e  b i r d s  to  
c o n s tru c t  a c l a s s i f i c a t i o n  (F ig . 2 k ) .  H is s ig n i f i c a n t  d e v ia t io n s  
from P e te r s ' c l a s s i f i c a t i o n  w ere; (1) th e  m erger o f Xenorhynchus 
and J a b iru  in to  E phipp iorhynchus and (2) th e  a s s o c ia t io n  o f 
D issoura  w ith  L e p to p t i lo s . V erh ey en 's  c l a s s i f i c a t i o n  recogn ized  
n in e  genera  grouped in to  fo u r  t r i b e s  b u t has n o t been w idely  
a c ce p ted . Kahl (1972a, 1979: F ig . 2B) f u r th e r  reduced  th e  number 
o f genera  ( to  s ix )  and s p l i t  th e  fam ily  in to  th r e e  t r i b e s .  His 
s ig n i f ic a n t  m o d if ic a tio n s  w ere: (1) th e  m erger o f  th e  f iv e  ty p ic a l
s to rk s  in to  C ic o n ia ; (2) th e  a s s o c ia t io n  o f Anastomus w ith  M y c te ria ; 
and (3) th e  a s s o c ia t io n  (on o th e r  th an  b e h a v io ra l  grounds) o f 
E phippiorhynchus ( in c lu d in g  Xenorhynchus) and J a b iru  w ith  L e p to p t i lo s . 
These th re e  g roup ings form  th e  t r i b e s  C ic o n i in i ,  M y c te r iin i  and 
L e p to p t l l i n i ,  r e s p e c t iv e ly .
For K a h l 's  summary to  be u s e fu l  a s  a  g e n e ra l  c l a s s i f i c a t i o n  
f o r  t h i s  fa m ily , i t  should  be p r e d ic t iv e  of c h a ra c te r  s t a t e  
d i s t r ib u t io n s  from  s u i t e s  o f c h a ra c te r s  n o t used  to  form  th e  
c l a s s i f i c a t i o n  (S neath  and Sokal 1973). Thus, i t  i s  o f  i n t e r e s t  
to  compare K a h l 's  c l a s s i f i c a t i o n  w ith  th o se  o b ta in e d  u s in g  
d i f f e r e n t  s e t s  o f  c h a r a c te r s .  I  have p re s e n te d  e lsew here  (Wood 
1982a, b) a d e ta i le d  p h e n e tic  s tu d y  o f  th e  17 s p e c ie s  o f s to r k s
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based on co n tin u o u s  o s te o lo g ic a l  c h a r a c te r s .  In  t h i s  paper I  
compare c l a s s i f i c a t i o n s  o f  th e  s to r k s  based on b e h a v io ra l  c h a ra c te r s  
w ith  th o se  based on s k e le t a l  m orphology.
MATERIALS AND METHODS 
Because K ah l’ s tre a tm e n t o f b e h a v io ra l  c h a r a c t e r i s t i c s  was 
p r im a r i ly  q u a l i t a t i v e ,  I  recoded  h i s  d e s c r ip t io n s  o f b e h a v io rs  in  
n um erica l ( m u l t i - s t a t e )  form . D e s c r ip tio n s  w ere tak e n  from  Kahl 
(1966, 1972b-e, 1973), and th e  c h a ra c te r s  and c h a ra c te r  s t a t e s  used 
a re  l i s t e d  in  Appendix I ;  th e  d a ta  m a tr ix  i s  in c lu d e d  a s  Appendix
I I .  In  th e  th r e e  in s ta n c e s  where Kahl d id  n o t  a c tu a l l y  re c o rd  a 
p a r t i c u l a r  b eh a v io r b u t was c o n fid e n t o f  i t s  p re se n c e  (Head Shaking 
Crouch in  £ .  m aguari. Forward T h rea t in  M. c in e r e a .  Up-Down in  
S e n e g a le n s is ) . I  in c lu d e d  th e  p re d ic te d  c h a r a c te r  s t a t e s .
Average taxonom ic d is ta n c e s  (S neath  and Sokal 1973) were computed 
among a l l  s p e c ie s ;  th e s e  were su b je c te d  to  c lu s t e r in g  u s in g  th e  
unw eighted p a ir -g ro u p  w ith  a r i th m e t ic  a v e ra g e s  (UPGMA) m ethod, 
and th e  r e s u l t s  summarized in  a phenogram.
The p h e n e tic  m orpho log ica l r e s u l t s  used  in  com parisons a r e  
taken  from  Wood (1982a, b ) . The b a s ic  d a ta  a r e  th e  156 m easurem ents 
(means o f  up to  s ix  in d iv id u a ls )  from  f iv e  s k e l e t a l  e lem en ts o f 
each o f  th e  17 s to r k  s p e c ie s .  F ig . 3 shows a r e p r e s e n ta t iv e  bone 
(p rox im al end o f  a  humerus) w ith  th e  p o in ts  and m easurem ents t h a t  
were tak en  ( th o s e  t h a t  a re  v i s i b l e  in  t h i s  v ie w ) . The o th e r  bones 
( s k u l l ,  s ternum , synsacrum  and ta r s o m e ta ta r s u s ,  a s  w e ll  a s  th e  
d i s t a l  end o f  th e  hum erus) were s im i l a r i l y  d e s c r ib e d . These d a ta
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were s p l i t  in to  f iv e  p a r t i t i o n s  co rre sp o n d in g  to  th e  f iv e  bones 
m easured; a combined s e t  o f  a l l  m easurem ents was a ls o  an a ly zed .
D ata in  each  o f th e  s ix  s e ts  were tran sfo rm ed  in  th r e e  ways: (1) th e
e f f e c t  o f  s iz e  was reduced  by c a lc u la t in g  th e  a n g le s  subtended  by 
p a i r s  o f m easurem ents sh a rin g  a  v e r te x  ( th e  c h a ra c te r s  were 
o r ig i n a l l y  chosen so a s  to  make th e s e  c a lc u la t io n s  p o s s ib l e ) .
(2) S iz e  was removed from th e  d a ta  u s in g  re g re s s io n  a s  suggested  by 
A tch ley  (1978 ). (3) The common p a r t  o f  th e  v a r ia n c e  was removed
u s in g  r e g r e s s io n .  Complete d e s c r ip t io n s  o f th e s e  t ra n s fo rm a tio n s  
a re  in  Wood (1982, a ,  b , c ) .  T his l a s t  tra n s fo rm a tio n  t r e a t s  each  
s p e c ie s  o f  s to r k  a s  a v a r i a b le  and th en  removes th e  v a r ia n c e  
accounted  f o r  by an e s tim a te  o f  a  g e n e ra liz e d  s to r k .  M u ltip le  
r e g r e s s io n  i s  u sed  i f  th e  e s t im a te  o f  th e  common p a r t  in v o lv es  
more th a n  one n o n -s to rk  s p e c ie s .
The c h o ic e  o f  an  e s t im a to r  organism  (which needs to  be 
o u ts id e  th e  group under c o n s id e ra t io n )  f o r  th e  common p a r t  o f  th e  
s to rk s  i s  n o t im m ediately  c l e a r .  The r e l a t io n s h ip  o f  th e  C ic o n iid a e  
to  o th e r  b i r d s  h as  re c e iv e d  c o n s id e ra b le  s c ru t in y  b u t l i t t l e  
consensus (P ark es  1978, O lson 1978). The two p e c u l ia r  m onotypic 
A fric a n  form s B a laen icep s  re x  and Scopus u m b re tta  a r e  co n s id e red  
by many to  be more c lo s e ly  r e l a te d  to  th e  s to rk s  th an  a re  o th e r  
b i r d s ;  th e y  a re  more s im i la r  s k e l e t a l l y  to  th e  s to r k s  th an  a re  
o th e r  g roups a lth o u g h  in  d i f f e r e n t  ways (p e r s .  o b s . ) .  Thus, I  
used th e s e  two s p e c ie s  to g e th e r  to  e s t im a te  th e  common p a r t .
The fo llo w in g  a n a ly se s  w ere perform ed: (1) A phenogram
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summarlzed th e  r e s u l t s  o f a UPGMA c lu s t e r  a n a ly s is  on a  m a tr ix  o f 
average  taxonom ic d is ta n c e s .  (2) F a c to r  a n a ly s is  u s in g  a  m a tr ix  
o f c o r r e la t io n s  among ta x a  (Q -type f a c to r  a n a ly s is )  was perform ed 
w ith  a secondary  f a c to r  s t r u c tu r e  m a tr ix  o b ta in ed  by o b liq u e  
r o ta t io n  u s in g  th e  fu n c tio n p la n e  tec h n iq u e  (Katz and R ohlf 1974). 
C om m unalities were e s tim a ted  u s in g  th e  maximum o f th e  a b s o lu te  
v a lu e s  o f  th e  e lem ents fo r  each v a r ia b le  o f  th e  c o r r e la t io n  m a tr ix , 
and a l l  f a c to r s  w ith  e ig e n v a lu e s  g r e a te r  th an  1.0  were r e ta in e d .
The secondary  s t r u c tu r e  m atrix  was in te r p r e te d  a s  a taxon  by 
c h a ra c te r  m a tr ix  and used to  produce in te r - ta x o n  c o r r e la t io n s  th a t  
were c lu s te r e d  u s in g  UPGMA and summarized in  a phenogram. (3) 
P r o je c t io n s  o f  th e  ta x a  onto  axes from a p r in c ip a l  components 
a n a ly s i s  ( th e  number o f  components r e ta in e d  was determ ined  by th e  
number o f  e ig e n v a lu e s  g re a te r  th a n  1 . 0) were su b je c te d  to  c lu s t e r  
a n a ly s is  u s in g  th e ,a d a p t iv e  h ie r a r c h ic a l  c lu s te r in g  scheme (ARCS) 
o f  R oh lf (1970); th e se  r e s u l t s  were summarized in  a phenogram.
(4) M u ltid im en sio n a l s c a l in g  (MDS) was used to  red u ce  th e  
d im e n s io n a l ity  o f  th e  d a ta  to  th r e e .  The s p e c ie s  were p lo t te d  on 
th e  th r e e  MDS axes u s in g  th e  computer package GRAFPAC (developed 
by F . J .  R o h lf ) .
Phenograms were named by c o n c a te n a tin g  codes r e p re s e n t in g  
t r a n s fo rm a t io n s ,  d a ta  p a r t i t i o n s  and a n a ly s e s . Codes f o r  th e  
t ra n s fo rm a tio n s  a re  ( in  o rd e r  o f  t h e i r  d e s c r ip t io n  above): ( 1)
ANGLES, (2) SIZE and (3) COMMON. Codes f o r  th e  d a ta  p a r t i t i o n s  a r e  
th e  f i r s t  two l e t t e r s  o f  th e  bone name; SK ( s k u l l ) ,  HU (hum erus),
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ST (sternum , SY (synsacrum ), TÂ ( ta r s o m e ta ta r s u s )  and ALL ( a l l  
c h a ra c te r s .  Codes f o r  th e  a n a ly se s  a r e  ( In  o rd e r  o f t h e i r  
d e s c r ip t io n  above); (1) DIST, (2) COER and (3) ARCS. Combining 
t r a n s fo rm a tio n s , d a ta  p a r t i t i o n s  and a n a ly se s  in  a l l  p o s s ib le  ways 
g iv es  a t o t a l  o f 54 phenogram s. However, o n ly  51 were produced 
because ARCS was n o t run  on th e  ALL p a r t i t i o n  due to  computer 
l im i t a t i o n s .
Concordance between th e  b e h a v io ra l  and m orpho log ica l d a ta  
was measured w ith  th e  m a tr ix  c o r r e la t io n  (S neath  and Sokal 1973), 
a w idely  used  c o e f f ic i e n t  f o r  com parisons in  p h e n e tic  s tu d ie s  
(R ohlf 1982) . The phenogram re p re s e n t in g  th e  b e h a v io ra l d a ta  was 
compared w ith  each o f th e  51 m o rpho log ica l phenograms u s in g  t h i s  
m easure.
RESULTS AND DISCUSSION
A lthough K a h l 's  c l a s s i f i c a t i o n  (F ig . 2B) g iv e s  no d e t a i l  to  
th e  r e l a t io n s h ip s  o f th e  s to r k s  w ith in  each  genus, he p rov ided  
such in fo rm a tio n  in  th e  t e x t  o f one o f h i s  r e p o r t s  (Kahl 1972d). 
F ig . 4A shows t h i s  more d e ta i le d  c l a s s i f i c a t i o n  in  th e  form o f a 
dendrogram . The d i f f e r e n c e s  in  F ig . 4A compared to  F ig . 2B a re  
th e  p lacem ent o f J a b iru  c lo s e r  to  E phipp iorhynchus and th e  
arrangem ent o f  th e  s p e c ie s  w ith in  C ic o n ia ; Kahl co n sid e red  jC. 
n ig ra  and c ic o n ia  to  be th e  l e a s t  c lo s e ly  r e l a t e d  o f  a l l  th e  
C ic o n iin i .  He a ls o  judged  L e p to p ti lo s  c ru m en ife ru s  to  be v e ry  
c lo s e ly  r e l a t e d  to  d u b iu s .
The phenogram re p re s e n t in g  th e  b e h a v io ra l  d a ta  i s  shown in
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F ig . 4B. The c o p h e n e tic  c o r r e la t io n  o f  0 .97 in d ic a te s  an ex trem ely  
good f i t  to  th e  b a s ic  s i m i l a r i t y  m a tr ix . I t  i s  v e ry  s im i la r  to  
K a h l 's  c l a s s i f i c a t i o n .  My re c o d in g  o f  th e  b e h a v io ra l d a ta  su g g e sts  
th a t  L e p t ip t i l o s  i s  n o t s im i la r  to  th e  Jab iru -E p h ip p io rh y n ch u s  
group. F u rth e rm o re , L e p to p ti lo s  i s  n e a r ly  as  s im i la r  to  M ycteria  
a s  i s  Anastomus and th e  p h e n e tic  a f f i n i t i e s  between th e  
Jab iru -E p h ip p io rh y n c h u s  c lu s t e r  and th e  C ic o n iin i  a r e  g r e a te r  th an  
between M ycteria  and Anastom us. I t  a p p e a rs  from K a h l 's  (1972a, b) 
d is c u s s io n s  t h a t  he co n s id e red  th e  s i m i l a r i t i e s  betw een M ycteria  
and L e p to p ti lo s  to  be p r im it iv e  ( i . e . ,  sym plesiom orphis) and , th u s , 
i r r e l e v a n t  to  in f e r r in g  p h y lo g e n e tic  r e l a t io n s h ip s  among th e  g roups. 
He a ls o  c o n s id e re d  J a b ir u  to  be c lo s e ly  r e la te d  ( in  a  c l a d i s t i c  
sense ) to  th e  L e p to p ti lo s  s p e c ie s ,  a  c o n c lu s io n  based p r im a r i ly  on 
e x te r n a l  m orphology—t h a t  i s ,  "m assive  b i l l ,  i n f l a t a b l e  th r o a t  sa c , 
u n fe a th e re d  head and n eck , i r i s  c o lo r"  (Kahl 1973). H is co n c lu s io n  
th a t  t h i s  s p e c ie s  i s  a l i n k  betw een Ephippiorhynchus and L e p to p ti lo s  
i s  n o t w e ll su p p o rted  by b e h a v io ra l  in fo rm a tio n . Sm all d i f f e re n c e s  
in  th e  arrangem en t o f  s p e c ie s  in  th e  C icon ia  and L e p to p ti lo s  
c lu s t e r s  a re  a p p a re n t when com paring th e  behav io r phenogram (F ig . 4B) 
w ith  K a h l 's  d e ta i le d  c l a s s i f i c a t i o n  (F ig . 4A); th e s e  ap p ear to  a ls o  
be th e  r e s u l t  o f  th e  in c lu s io n  o f  c l a d i s t i c  c o n s id e ra t io n s  in  K a h l 's  
d e ta i le d  c l a s s i f i c a t i o n .
The 51 phenograms r e s u l t i n g  from th e  p h e n e tic  s k e le t a l  a n a ly se s  
a r e  d isc u sse d  in  Wood (1982a, b ) . The m a tr ix  c o r r e la t io n s  between 
th e  b e h a v io ra l  phenogram (F ig . 4B) and each  of th e s e  phenograms a re
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l i s t e d  in  Table 1. O b v io u sly , th e  b e h a v io ra l c l a s s i f i c a t i o n  does 
n o r  p r e d ic t  some o f  th e s e  m o rp h o lo g ica l r e s u l t s  p a r t i c u l a r l y  w e l l ,  
which i s  n o t s u rp r is in g  s in c e  some o f  th e  m orpholog ical phenograms 
a re  u n c o rre la te d  w ith  each  o th e r .  F ig s . 5 and 6 d e p ic t  a  
r e p r e s e n ta t iv e  s e t  o f  phenogram s to  show th e  v a r i a t io n  in  th e  
p h e n e tic  r e s u l t s .  C le a r ly ,  some o f th e s e  a re  q u i te  d i s s im i la r  to  
th e  b eh av io r phenogram. A number o f  m orpho log ica l phenograms, 
however, a r e  v e ry  s im i la r  ( c o r r e l a t i o n  g r e a te r  th an  0 .7 ) to  th e  
b eh av io r r e s u l t s .  In c lu d ed  in  th e s e  m orpholog ica l r e s u l t s  i s  th e  
phenogram th a t  I  in d ic a te d  b e s t  re p re s e n te d  th e  m orpholog ical 
f in d in g s  (Wood 1982a, b ) ;  t h i s  l a t t e r  phenogram (COMMON-ALL-DIST) 
i s  d e p ic te d  in  F ig . 7Â. The c h o ic e  o f th e  b e s t phenogram was based 
p r im a r i ly  on s t a b i l i t y  d e f in e d  in  term s o f congruence o f 
c l a s s i f i c a t i o n s  u s in g  p a r t i t i o n s  o f th e  d a ta  (R ohlf and Sokal 1981). 
The tra n s fo rm a tio n  to  remove th e  common p a r t  p rov ided  a s ig n i f i c a n t  
in c re a s e  in  s t a b i l i t y  compared w ith  th e  o th e r  tra n s fo rm a tio n s  
employed and th e  u se  o f a v e ra g e  taxonom ic d is ta n c e s  a s  a s im i l a r i t y  
m easure produced more s ta b le  r e s u l t s  f o r  t h i s  tra n s fo rm a tio n  th an  
d id  c o r r e la t io n s .  The COMMON-ALL-DIST phenogram summarized th e  
v a r i a t io n  over a l l  c h a r a c te r s  r a t h e r  th a n  fo r  o n ly  a p o r tio n  o f  th e  
d a ta  th u s  p ro v id in g  a  b e t t e r  o v e r a l l  summary o f th e  p h e n e tic  
a f f i n i t i e s  th an  th e  phenograms o f  o th e r  l e s s  in c lu s iv e  p a r t i t i o n s .
F ig s . 7 and 8 show th e  fo u r  phenograms w ith  th e  h ig h e s t  
c o r r e la t io n  w ith  th e  b e h a v io ra l  c l a s s i f i c a t i o n .  In  a d d it io n  to  
COMMON-ALL-DIST th e s e  a r e ;  SIZE-TA-CORR (F ig . 7B); ANGLES-SK-CORR
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(F ig . 8A); and SIZE-SK-DIST (F ig . 8B ). The co p h en e tic  c o r r e la t io n  
f o r  each  i s  shown on th e  f ig u r e s ;  a l l  a r e  h ig h e r  than  0.8  ex cep t 
t h a t  f o r  SIZE-SK-DIST which i s  o n ly  0 .7 1 . Based on m a tr ix  
c o r r e la t io n s ,  th e  b e h a v io ra l phenogram p r e d ic ts  each o f  th e s e  
ap p ro x im ate ly  e q u a lly  w e l l .
Based on th e  a n a ly s is  o f  th e  recoded b eh av io r d a ta  (F ig . 4B), 
th e  s to rk s  a re  s p l i t  in to  f i v e  d i s t i n c e  c lu s t e r s  co rre sp o n d in g  to  
th e  genera  porposed by Kahl (1 9 7 9 ), w ith  th e  ex cep tio n  t h a t  J a b ir u  
and E phippiorhynchus a r e  in  th e  same c l u s t e r .  There a r e  few 
in s ta n c e s  in  th e  phenograms o f  F ig s . 7 and 8 where th e  m ajor 
c l u s t e r s  d e fin e d  by b eh av io r a r e  n o t e x p re sse d . The two Anastomus 
sp e c ie s  a re  p laced  in  th e  same c lu s t e r  in  SIZE-TA-CORR (F ig . 7B) 
o n ly  by th e  in c lu s io n  o f L e p to p t i lo s .  and in  SIZE-SK-DIST (F ig . 8B) 
th e  C icon ia  c lu s t e r  a ls o  in c lu d e s  E ph ipp io rhynchus. J a b ir u  i s  
a s s o c ia te d  w ith  a  number o f  d i f f e r e n t  c l s u t e r s :  C icon ia  in
SIZE-TA-CORR (F ig . 7B), M yc te ria  in  ANGLES-SK-CORR (F ig . 8A) and 
Anastomus in  SIZE-SK-DIST (F ig . 8B ). Of th e s e  fo u r  phenograms on ly  
in  COMMON-ALL-DIST (F ig . 7A) i s  J a b iru  a s s o c ia te d  w ith  
E ph ipp io rhynchus. The m ajor d i f f e r e n c e  betw een t h i s  phenogram 
(F ig . 7A) and th e  b e h a v io ra l phenogram (F ig  4B) i s  th e  p lacem ent o f 
L e p to p t i lo s ; i t  i s  c lu s te re d  w ith  M ycteria  and Anastomus in  th e  
phenogram based on b e h a v io r  w hereas th e  m orpho log ica l d a ta  in d ic a te  
t h a t  i t  i s  d i s t i n c t  from a l l  o th e r  s to r k s .
The b eh av io r phenogram i s  a  v e ry  good r e p r e s e n ta t io n  o f th e  
b e h a v io ra l  s i m i l a r i t i e s .  However, some d i s t o r t i o n  o f r e l a t i o n s h ip s
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has occu rred  In  th e  COMMON-ALL-DIST phenogram (co p h en e tic  c o r r e la t io n  
o f 0 .8 3 ) . F ig . 9 shows th e  th re e -d im e n s io n a l model d e riv ed  from 
th e  same b a s ic  s im i l a r i t y  m a tr ix ; t h i s  model r e p re s e n ts  th e  b a s ic  
s im i la r i t y  m a tr ix  v e ry  w ell ( c o r r e la t io n  o f  0 .9 9 ) . A com parison o f 
th e  phenogram w ith  th e  th re e -d im e n s io n a l model in d ic a te s  t h a t  most 
o f th e  d is ta n c e s  re p re s e n te d  in  th e  phenogram a re  s im ila r  to  th o se  
in  th e  model ex cep t f o r  th o se  o f th e  L e p to p ti lo s  sp e c ie s  to  th e  
rem ainder o f th e  s to r k s —th e s e  a re  g r e a te r  in  th e  phenogram. The 
d is ta n c e  betw een th e  C ic o n iin i  and th e  M y c te r iin i  c lu s t e r s  ap p ears  
from th e  model to  be much more s im ila r  to  th e  d is ta n c e  between th e  
C ic o n iin i  and th e  L e p to p t i l i n i  c lu s t e r s  th an  would be in fe r re d  
from th e  phenogram.
TAXONOMIC RECOMMENDATIONS 
As n o ted  above, a  g e n e ra l c l a s s i f i c a t i o n  should  be p r e d ic t iv e  
o f c h a ra c te r  s t a t e s  from a s  wide a  range  o f c h a ra c te r s  a s  p o s s ib le .  
The genera  proposed by Kahl a re  good r e p r e s e n ta t io n s  o f th e  c lo s e  
a f f i n i t i e s  o f  th e  s to r k s  as im plied  by e i t h e r  behav io r o r  s k e le ta l  
morphology, ex cep t th a t  th e  a s s o c ia t io n  o f  J a b iru  m y cte ria  w ith  
E phippiorhynchus a s i a t i c u s  and se n e g a le n s is  i s  n o t rec o g n ized .
The t r i b e s  p roposed  by Kahl a ls o  summarize th e  p h e n e tic  r e la t io n s h ip s  
o f  th e  s to r k s  w e ll  excep t f o r  th e  a s s o c ia t io n  o f L e p to p ti lo s  w ith  
J a b ir u  and E ph ipp io rhynchus. These l a t t e r  two genera  a r e  s im ila r  
to  th e  C ico n ia  s p e c ie s  b o th  b e h a v io ra l ly  and on th e  b a s is  of 
s k e le ta l  m orphology. For th e s e  rea so n s  I  p ropose th e  fo llo w in g  
m o d if ic a tio n s  to  th e  c l a s s i f i c a t i o n  o f Kahl (1979) which a llo w
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g r e a te r  accu racy  In  p r e d ic t in g  c h a ra c te r  s t a t e  d i s t r i b u t io n s  n o t 
o n ly  f o r  s k e le t a l  morphology b u t a ls o  f o r  r i t u a l i z e d  c o u r ts h ip  
b e h a v io r: (1) In c lu d e  J a b ir u  m y c te ria  in  th e  genus Ephipp io rhynchus
which has  p r i o r i t y ;  t h i s  genus now c o n ta in s  th r e e  members, a s i a t i c u s .  
s e n e g a le n s is  and m y c te r ia . (2) T ra n s fe r  th e  expanded genus 
Ephipp io rhynchus from  th e  t r i b e  L e p to p t i l i n i  to  th e  t r i b e  C ic o n i in i .  
The fa m ily  C ic o n iid a e  would c o n s is t  o f  f iv e  genera  a ss ig n e d  to  
th re e  t r i b e s :  M y c te r i in i ,  M y c te ria  and Anastomus; C ic o n iin i ,
C icon ia  and E ph ipp io rhynchus; and L e p t o p t i l i n i ,  L e p to p t i lo s .
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Table 1.— M a tr ix  c o r r é l a t i o n s  b e tw ee n  phenogram b<^sed on b e h a o io r  an d  




DIST CORK AHCS DIST CORR AHCS DIST CORR AHCS
Skull .738 .710 .676 .760 .427 .550 .662 .788 .755
Humerus .426 .446 .682 .291 .467 .408 .595 .338 .458
Sternum .438 .481 .282 .314 .451 .301 .335 .488 .282
Synsacrum .561 .337 .570 .458 .446 .470 .439 .357 .216
Tarsometatarsus .400 .456 .558 .451 .834 .729 .450 .516 .395
Ail characters .784 .698 .336 .626 .244 .266
S
I
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FIGURE LEGENDS
F ig . 1. Dendrogram re p re s e n t in g  th e  c l a s s i f i c a t i o n  o f P e te r s  (1931).
F ig . 2 . Dendrograms r e p re s e n t in g  c a l s s i f i c a t i o n s  p re se n te d  by
(A) Verheyen (1959) and (B) Kahl (1979)
F ig . 3 . C ra n ia l  v iew  o f th e  p rox im al end o f th e  l e f t  humerus o f 
C icon ia  c ic o n ia  (CM S -1813). C h a ra c te rs  (m easurem ents) v i s i b l e  
from t h i s  view  t h a t  were used  in  t h i s  s tudy  a r e  (u s in g  th e  p o in ts  
m arked): A—B, A—C, A—D, B—C, B—D, B—E, C—E, and D—E.
F ig . 4 . (A) Dendrogram re p r e s e n t in g  th e  c l a s s i f i c a t i o n  o f Kahl
(1979) bu t in c lu d in g  f u r th e r  d e t a i l s  ( ta k e n  from Kahl 1972a) on 
s u b tr ib a l  and su b g en eric  r e l a t i o n s h ip s .  (B) Phenogram d e riv e d  
from UPGMA c lu s te r in g  of taxonom ic d is ta n c e s  based on th e  recoded  
b e h a v io ra l d a ta  o f  Kahl (1966, 1972a-e , 1973).
F ig . 5 . Phenograms showing v a r i a t i o n  in  th e  m orpho log ica l r e s u l t s
(A) Phenogram d e r iv e d  from UPGMA c lu s te r in g  o f c o r r e la t io n s  tak en  
from a Q -type f a c to r  a n a ly s i s  o f  s te r n a l  c h a r a c te r s .  The d a ta  were 
tran sfo rm ed  by th e  rem oval o f  th e  common p a r t .  (B) Phenogram d e riv e d  
from UPGMA c lu s te r in g  o f  taxonom ic d is ta n c e s  c a lc u la te d  from  s te r n a l  
c h a ra c te r s  tran sfo rm ed  by rem oving s iz e .
F ig . 6 . Phenograms showing th e  v a r i a t io n  in  m o rpho log ica l r e s u l t s .
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(A) Phenogram d e riv e d  from UPGMA c lu s te r in g  o f c o r r e la t io n s  tak en  
from a Q -ty p e  f a c to r  a n a ly s i s  o f a n g u la r  c h a ra c te r s  on th e  humerus.
(B) Phenogram d e riv e d  from UPGMA c lu s te r in g  o f c o r r e la t io n s  tak en  
from a Q -type f a c to r  a n a ly s i s  o f a l l  a n g u la r  c h a ra c te r s  used in  
th e  s tu d y .
Fig. 7. Phenograms highly correlated with the behavior phenogram.
(A) Phenogram d e riv e d  from UPGMA c lu s te r in g  o f  taxonom ic d is ta n c e s  
u s in g  a l l  c h a ra c te r s  o f  th e  s tu d y . The d a ta  were transfo rm ed  by 
rem oving th e  common p a r t .  T h is  phenogram was co n s id e red  th e  b e s t  
r e p r e s e n ta t io n  o f  th e  m orpho log ica l r e s u l t s  (Wood 1982a, b ) .
(B) Phenogram d e riv e d  from UPGMA c lu s te r in g  o f c o r r e la t io n s  taken  
from a  Q -type f a c to r  a n a ly s is  o f ta r s o m e ta ta rs u s  c h a r a c te r s .  The 
d a ta  were tran sfo rm ed  by rem oving s i z e .
F ig . 8 . Phenograms h ig h ly  c o r r e la te d  w ith  th e  beh av io r phenogram.
(A) Phenogram d e riv e d  from UPGMA c lu s te r in g  o f taxonom ic d is ta n c e s  
based on a n g u la r  s k u ll  c h a r a c te r s .  (B) Phenogram d e riv e d  from UPGMA 
c lu s te r in g  o f  taxonom ic d is ta n c e s  based on s k u ll  c h a ra c te r s  
tran sfo rm ed  by th e  rem oval o f  s i z e .
Fig. 9. Three-dimensional model based on a multi-dimensional 
scaling analysis of all morphlolgical characters used in this 
study. The shortest minimally connecting network is superimposed 




Subfamily Genus SpeciesI ________ I
M ycteria am erlcana  
Ib is  ibis
ib is ieucocephalus  
Ib is cirtereus 
Anastom us oscitans  
Anastom us iam eiiigerus  
Sphenorhynchus abdim ii 
Dissoura episcopus  
Ciconia ciconia 
Ciconia nigra 
Euxenura gaieata  
Xenorhynchus asiaticus  
Ephippiorhynchus senegalensis  
Jabiru  mycteria  
Leptoptilos dubius 





V erh ey en  (1959)
Genus Species 
_ i__________________ I__________________ I
C Î
M ycteria am erlcana  
Ibis c in ereu s  
ib is  ieu coceph a lu s  
ib is  ib is
A n astom u s o sc ita n s  
A n astom u s iam eiiigerus  
Sphenorhynchus abdim ii 
Ciconia nigra 
Ciconia ciconia  
Euxenura ga iea ta  
E phippiorhynchus se n eg a len sis  
Ephippiorhynchus a sia ticu s  
E phippiorhynchus m ycteria  
D issoura e p isc o p u s  
L ep to p tilo s  javan icus  
L ep to p tilo s  dubius  






M ycteria am erlcana  
M ycteria cinerea  
M ycteria ib is  
M ycteria ieu cocephaia  
A n a sto m u s o sc ita n s  
A n astom u s iam eiiigerus 
Ciconia nigra  
Ciconia abdim ii 
Ciconia e p isc o p u s  
Ciconia m aguari 
Ciconia cicon ia  
E phippiorhynchus asia ticu s  
E phippiorhynchus sen eg a len sis  
Jabiru m ycteria  
L ep to p tilo s  Javanicus 
L ep to p tilo s  dubius  
L ep to p tilo s  crum eniferus
Fig. 3.
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M ycteria am erlcana  
M ycteria cinerea  
M ycteria Ibis 
M ycteria Ieucocephaia  
A n astom u s o sc ita n s  
A n astom u s Iam eiiigerus 
Ciconia nigra 
Ciconia abdlm ll 
• Ciconia e p isc o p u s  
Ciconia m aguari 
Ciconia cicon ia
■ E phippiorhynchus a sia ticu s
■ Ephippiorhynchus sen eg a len sis  
Jabiru m ycteria
■ L ep to p tilo s  javan icus
■ L ep to p tilo s  dubius









M ycteria am erlcana  
M ycteria cinerea  
M ycteria Ibis
-  M ycteria Ieucocephaia
-  A n a sto m u s o sc ita n s
-  A n a sto m u s Iam eiiigerus
-  L ep to p tilo s  javan icus
-  L ep to p tilo s  dubius
-  L ep to p tilo s  crum eniferus
-  C iconia nigra
-  Ciconia m aguari
-  Ciconia cicon ia
-  Ciconia abdlm ll
-  C iconia e p isc o p u s
r  E phippiorhynchus a s ia ticu s  
L Ephippiorhynchus sen eg a len sis















M ycteria  am ericana  
M ycteria  cinerea  
E phippiorhynchus se n e g a le n s is  
M ycteria  ib is  
M ycteria  Ieucocephaia  
E phippiorhynchus a s ia tic u s  
C iconia  m aguari 
C iconia  ciconia  
Jabiru  m ycteria
—  A n a sto m u s o sc ita n s  
p A n a sto m u s Iam eiiigerus
A  L ep to p tilo s  crum eniferus  
L- L ep to p tilo s  Javanicus
—  L e p to p tilo s  dubius
—  C iconia  abdim ii
—  C iconia  nigra













M ycteria am ericana  
M ycteria cinerea  
M ycteria  ib is  
M ycteria  ieu co cep h a ia  
E phippiorhynchus a s ia tic u s  
E phippiorhynchus se n e g a le n s is  
A n a sto m u s  o sc ita n s  
A n a sto m u s  Iam eiiigerus  
L e p to p tilo s  javan icu s  
C iconia  abdim ii 
C iconia  e p isc o p u s  
Jabiru  m ycteria  
L e p to p tilo s  du biu s  
L e p to p tilo s  crum eniferus  
C iconia  nigra 
C iconia m aguari 
C iconia ciconia










Fee =  0 .765
M ycteria  am erlcana  
A n a sto m u s o sc ita n s  
C iconia nigra  
A n a sto m u s Iam eiiigerus 
C iconia e p isc o p u s  
M ycteria  cinerea  
M ycteria ib is  
M ycteria  Ieucocephaia  
C iconia cicon ia  
C iconia nigra
E ph ippiorhynchus a s ia ticu s  
E phippiorhynchus se n e g a le n s is  
L e p to p tilo s  javan icu s  
L ep to p tilo s  du biu s  
L e p to p tilo s  crum eniferus  
Ciconia m aguari 
Jabiru m ycteria







M ycteria  am ericana  
Jabiru m ycteria  
M ycteria  c in erea  
M ycteria  ib is  
A n a sto m u s Iam eiiigerus 
C iconia nigra 
L e p to p tilo s  javan icu s  
L e p to p tilo s  du b iu s  
L e p to p tilo s  crum eniferus  
Ciconia m aguari 
C iconia cicon ia  
‘E ph ippiorhynchus a s ia ticu s  
‘ M ycteria  Ieucocephaia  
-A n a s to m u s  o sc ita n s  
‘ C iconia abd im ii 
- C iconia e p isc o p u s  
• E phippiorhynchus se n e g a le n s is
F ig . 7 . 





Tcc —  0.832 q
0.4
__I COMMON-ALL-DIST
M ycteria am ericaria  
M ycteria cinerea  
J — M ycteria ib is
M ycteria Ieucocephaia  
J — A n astom u s o sc ita n s  
'— A n astom u s Iam eiiigerus
—  Ciconia nigra
—  Ciconia ciconia  
r— Ciconia abdim ii
• Ciconia e p isc o p u s
• Ciconia m aguari
■ Ephippiorhynchus a s ia ticu s
■ E phippiorhynchus se n e g a le n s is
• Jabiru m ycteria
■ L ep top tilo s  javan icu s  
’ L ep top tilo s dubius
’ L ep top tilo s  crum eniferus









p- M ycteria am ericana  
M ycteria Ieucocephaia  
'—  M ycteria cinerea
—  M ycteria ib is
—  A n astom u s o sc ita n s
Tcc — 0.878 
Size rem oved — TA—CORR
I— L ep top tilo s javan icu s  
_ F i— L ep top tilo s crum eniferus
' L ep top tilo s dubius
 A n astom u s Iam eiiigerus
 Ciconia nigra
 Ciconia abdim ii
Ü  I— Ciconia ciconia
^  Jabiru m ycteria
Ciconia e p isc o p u s  
Ciconia m aguari 
Ephippiorhynchus a s ia ticu s  
Ephippiorhynchus se n e g a le n s is€Z







Tec -  0.836
1.0
— I ANGLES-SK-CORR
M ycteria  am erlcana  
M ycteria  c in erea  
Jabiru  m ycteria
_|—  M ycteria  ib is
{
M ycteria  Ieu coceph a ia  
L e p to p tiio s  javan icu s  
L e p to p tilo s  crum en iferus  
L ep to p tilo s  du b iu s  
A n a sto m u s o sc ita n s  
A n a sto m u s Iam eiiigerus  
C iconia nigra 
C iconia m aguari 
C iconia abd im ii 
C iconia e p isc o p u s  
C iconia cicon ia  
E phippiorhynchus a s ia tic u s  
E phippiorhynchus se n e g a ie n s ts





M ycteria  am ericana  
M ycteria ib is  
M ycteria Ieucocephaia  
M ycteria  c in erea  
A n a sto m u s o sc ita n s  
A n a sto m u s iam eiiigeru s  
Jabiru  m ycteria  
L ep to p tilo s  ja va n icu s  
L ep to p tiio s  du b iu s  
L ep to p tilo s  crum en iferus  
Ciconia nigra  
C iconia  cicon ia  
C iconia m aguari 
E phippiorhynchus a s ia tic u s  
E phippiorhynchus s e n e g a le n s is  
C iconia abd im ii 
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APPENDIX I
The fo llo w in g  r i t u a l i z e d  c o u r ts h ip  d is p la y s  were recoded from 
q u a l i t a t iv e  d e s c r ip t io n s  in to  q u a n t i ta t iv e  m u l t i - s t a t e  form . S ince 
many d is p la y s  a re  com plex, th e  component p a r t s  were coded a s  
s e p a ra te  c h a r a c te r s .  The s t a t e s  0 , 1 and 2 were used in  th e  
fo llo w in g  way; fo r  c h a r a c te r s  coded o n ly  as  p re s e n t o r  a b se n t 1 
co rresponds to  p re s e n t  and 0 to  a b s e n t;  f o r  c h a ra c te r s  w ith  v a r i a b le  
i n te n s i t y  o f e x p re ss io n  o r  o f v a r ia b le  o c c u rre n c e , s t a t e  2 co rresp o n d s 
to  f u l l  i n t e n s i t y  o r  r e g u la r  o c c u rre n c e , s t a t e  1 to  reduced in te n s i t y  
o r o c c a s io n a l o c c u rre n c e , and s t a t e  C to  ab sen ce . The q u a l i t a t iv e  
d e s c r ip t io n s  a r e  tak en  from K ahl (1966, 1972a-e , 1973) and th e  
recoded d a ta  a r e  p re se n te d  in  Appendix I I .  In  th e  fo llo w in g  l i s t  
th e  name of th e  d is p la y  i s  g iven  f i r s t  fo llow ed  by th e  l i s t  o f 
s p e c i f ic  components o r  a s p e c ts ;  th e s e  l a t t e r  a re  th e  numbered 
c h a ra c te r s .
C opu la tion  C la t t e r in g :  1. b i l l  c l a t t e r e d ;  2 . neck  r e t r a c t e d ;
3 . u n d e r - t a i l  c o v e r ts  d is p la y e d . Up-Down: 4 . b i l l  c la t te r e d  on
down m otion; 5 . b i l l  c l a t t e r e d  on up m otion ; 6 . b i l l  snapped;
7 . head sh ak in g ; 8 . neck  ex ten d ed ; 9 . wings p a r t l y  sp read ; 10. 
wings f u l l y  sp re a d ; 11. t a i l  cocked . Swaying Twig G rasping:
12. b i l l  snapped; 13. b i l l  gaped; 14. w ings p a r t l y  sp read ; 15. 
u n d e r - t a i l  c o v e r ts  d isp la y e d ; 16. t a i l  cocked . A nxie ty  S tre tc h :
17. b i l l  snapped; 18. w ings p a r t l y  sp read ; 19. w ings f u l l y  sp read ;
20. u n d e r - t a i l  c o v e r ts  d is p la y e d . Snap D isp la y : 21. o c c u rre n ce  o f
d is p la y ;  22. head shak ing ; 23. neck  ex ten d ed . Forward C la t te r in g
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T h re a t; 24 . b i l l  c l a t t e r e d ;  25. b i l l  snapped; 26. head shak ing ;
27. neck r e t r a c t e d ;  28 . u n d e r - t a i l  c o v e r ts  d is p la y e s .  U prigh t 
D isp lay : 29. o cc u rre n ce  o f d is p la y .  Forward T h re a t: 30 . o cc u rre n ce
of d is p la y ;  3L head shak ing ; 32. wings p a r t ly  sp read ; 33 . U n d e r - ta i l  
c o v e r ts  d isp la y e d ; 34 . t a i l  cocked . Head Shaking Crouch: 35.
o ccu rren ce  o f d i s p la y .  A e r ia l  C la t te r in g  T h reat : 36. o cc u rre n ce  o f
d is p la y . F ly in g  Around: 37 . o ccu rren ce  of d is p la y .  D isp lay
P reen in g : 38 . o cc u rre n ce  o f  d is p la y .  F lap  Dash: 39. o c c u rre n ce  o f
d is p la y . B a lancing : 40 . o ccu rren ce  of d is p la y ;  41 . b i l l  snapped.
Gaping: 42 . o cc u rre n ce  of d is p la y .  E re c t Gape: 43. o cc u rre n ce  o f
d is p la y .
Appendix II
Recoded behavior data. See Appendix I for character descriptions.
Characters
1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4
Species 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 a 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3
W. cm erio a n a 2 2 2 0 0 0 0 2 0 0 0 0 0 0 2 0 0 1 0 0 2 0 2 2 0 0 2 1 1 2 1 0 2 2 0 2 1 2 0 2 1 1 0
/V. o in e r e a 2 2 2 0 0 2 0 2 0 0 0 0 0 0 2 0 0 1 0 0 2 0 2 2 0 0 2 1 1 2 0 0 2 2 0 2 2 2 0 2 2 2 0
M. i b i s 2 2 2 0 0 1 0 2 0 0 0 0 0 0 2 0 0 1 0 0 2 0 2 2 0 0 2 1 1 2 0 0 2 2 0 2 2 2 0 2 2 2 0
M. leu ooo& phala 2 2 2 0 0 2 0 2 0 0 0 1 0 0 2 0 0 1 1 0 2 0 2 2 0 0 2 1 1 2 0 0 2 2 0 2 2 2 0 2 2 2 0
A. o s o i ta n e 0 2 1 0 0 0 1 2 1 0 1 0 1 1 2 1 0 0 0 0 2 1 0 0 2 1 2 2 2 2 1 2 2 2 0 0 0 0 0 0 0 0 0
A. Z cm eV ligeru s 0 2 1 0 0 0 2 2 1 0 1 0 1 1 2 1 0 0 0 0 2 1 0 0 2 1 2 2 2 2 1 2 2 2 0 0 0 0 0 0 0 0 0
C. n ig r a 2 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 1 2 0 0 0 0 0 0 0 0
C. a h d im ii 2 0 0 2 2 0 0 0 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 1 2 2 0 0 0 0 0 0 0
C. e p is o o p u s 2 0 0 2 0 0 0 0 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 1 2 0 0 0 0 0 0 0 0
C. m aguari 2 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 1 2 1 0 0 0 0 0 0 0
C. o ia o n ia 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 1 2 1 0 0 0 0 0 0 0
E. a s i a t i o u s 2 0 0 2 0 0 0 2 2 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2
E. s e n e g a Z e n s is 2 0 0 2 0 0 0 2 2 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2
J . m y o te r ia 2 0 0 2 0 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2
L. J a v a n ia u s 2 0 0 2 0 0 0 0 0 0 0 0 0 2 2 0 0 2 2 2 2 0 0 2 0 0 2 2 2 2 0 0 2 0 0 2 0 0 0 2 2 0 2
L. d u b iu s 2 0 0 0 2 0 0 0 0 0 0 0 0 2 2 0 0 2 2 2 2 0 0 2 0 0 2 2 2 2 0 0 2 0 0 2 0 0 0 2 0 0 2
L. a ru m e n ife ru s 2 0 0 2 0 0 0 0 2 0 0 0 0 2 2 0 0 2 2 2 2 0 0 2 0 0 2 2 2 2 0 0 2 0 0 2 0 0 0 2 0 0 2
